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Much  has  oecurrad  over  ainca  our  last  proQrass  raport  and  over  LW  yJUL  " 
/aar.  As  outllnad  in  our  initial  grant,  wa  hava  continued  to  focus  on  proteins 
and  peptides  that  bind  endotoxin  and  which  are  tharafora  candidates  for  the 
treatment  of  septic  shock.  Our  grant  was  planned  to  terminate  on  Juna  30,  1992. 
In  part  because  of  a  slow  startup  time  and  in  part  because  of  careful  cost  man¬ 
agement,  we  had  excess  funds  in  the  grant  and  requested  an  extension  of  the 
grant  until  June,  1993.  It  is  anticipated  that  wa  will  exhaust  our  funds  in  the 
winter  of  1993. 

Our  t«ork  over  the  past  year  has  been  divided  between  three  main  subjects i 

A.  Analysis  of  monoclonal  antibodies  directed  to  lipid  A 

B.  Identification  of  the  binding  site  of  natural  proteins  that  bind 
LPS  through  the  use  of  overlapping  synthetic  peptides 

C.  Study  of  the  interaction  of  LPS  with  immunoglobulin  in  the  presence  of 
serum 


Me  believe  that  we  have  made  important  progress  in  each  area, 
summary  follows. 


A  brief 


Although  many  investigators  and  companies  have  made  monoclonal  antibodies 
directed  to  LPS,  two  companies  produced  monoclonal  antibodies  directed  to  lipid 
A  which  are  being  actively  developed  for  the  treatment  of  septic  shock. 

Centocor  (Malvern,  ?A)  is  developing  an  human  IgH  antibody  called  HA-IA  and  Xoma 
(Berkeley,  CA)  is  developing  a  murine  IgM  antibody  called  BS.  HA-IA  has  been 
studied  in  a  single  clinical  trial.  Although  it  was  initially  reported  to 
increase  survival  in  patients  with  gram  negative  bacteremia,  the  methodology 
used  in  the  trial  is  controversial.  A  second  trial  is  underway  studying  the 
protective  efficacy  of  HA-IA  in  patients  with  septic  shock.  85  has  been  studied 
in  two  clinical  trials.  In  the  first  trial,  85  was  aatociated  with  a  decrease 
in  mortality  in  a  small  subset  of  patients  who  were  not  in  refractory  shock.  In 
a  second  trial  that  focused  on  this  group  (sepsis  without  shock)  85  was  not 
associated  with  decreased  mortality. 


Because  each  of  these  monoclonal  antibodies  is  hypothesised  to  work  by 
binding  to  LPS  and  neutralizing  its  action,  we  utilized  the  reagents  and  tech¬ 
niques  developed  in  our  grant  to  study  the  ability  of  each  to  bind  and 
neutralize  a  wide  variety  cf  LPS  from  clinically  relevant  gram  negative  strains. 
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Aa  assessed  by  radioimmunoassay,  both  KA-IA  and  ES  bound  tritiated  LPS  from 
multiple  gram  negative  strains  better  than  several  control  monoclonal  and 
polyclonal  antibodies.  However  the  binding  was  very  modest  compared  to 
polyclonal  IgO  directed  to  the  O-polysaccharide  of  tPS.  He  studied  the  ability 
of  HA-IA  and  ES  to  neutralize  LPS  as  assessed  by  the  Llmulus  lysate  assay,  the 
mitogenicity  of  LPS  for  murine  splenocytes,  and  the  production  of  cytokines  IL- 
1,  IL-S,  and  TNF  from  human  macrophages.  He  found  that  neither  of  the 
antibodies  neutralised  LPS  in  any  of  the  assays,  even  in  high  concentrations. 

He  therefore  conclude  that  both  antibodies  bind  LPS  slightly,  but  do  not 
neutralize  its  biological  activity.  These  results  have  been  written  up  and  are 
accepted  for  publication  in  J.  Exo.  Medicine.  A  copy  of  the  manuscript  in 
included  in  the  appendix. 


B.  Identification  of  the  endotoxin  binding  site  of  several  natural  proteins 
that. bind  endotoxin 

Thera  are  few  natural  proteins  that  bind  LPS  with  high  affinity.  Three 
that  have  received  intensive  study  over  the  last  five  years  are  Llmulus  anti-LPS 
factor  (LALP,  also  called  endotoxin  neutralizing  protein  or  ENP),  LPS  binding 
protein  (LBP)  and  bacteriocidal  permeability  inducing  protein  (BPX).  Each  of 
these  proteins  altars  the  biological  activity  of  LPS,  and  therefore  is  a  can¬ 
didate  for  therapeutic  manipulation.  However,  the  LPS  binding  site  for  each  is 
unknown.  To  address  this  issue,  we  collaborated  with  Dr.  Marek  Rloczewiak  to 
make  overlapping  synthetic  peptides  mimicking  the  amino  acid  sequencs  of  each  of 
these  proteins.  In  this  effort  we  were  guided  by  charge  and  hydropathic  plots 
of  the  proteins  to  help  predict  logical  binding  sites. 

He  utilised  a  capture  Hestern  blot  system  t»  measure  binding  of  LPS  to  each 
of  the  synthetic  peptides.  This  system  has  been  described  in  detail  in  prior 
reports.  Briefly,  dilutions  of  the  peptides  were  blotted  onto  nitrocellulose 
paper  and  then  treated  sequentially  with  LPS  and  rabbit  anti-LPS  IgO.  Anti-LPS 
IgO  was  detected  by  goat  anti-rabbit  IgO  and  an  avidln-biotin  detection  system. 
The  lowest  amount  of  peptide  which  captured  LPS  was  measured.  Using  this 
system,  we  were  able  to  identify  the  LPS  binding  domain  of  LALP.  He  are  in 
process  of  mapping  the  exact  binding  site  of  LBP.  These  data  are  summarized 
below. 


1.  Llmulus  anti-LPS  factor  tLALP.  EWP> 

He  have  studied  LALP  extensively.  He  found  that  LALP  binds  LPS  with  high 
affinity  and  neutralizes  its  activity  in  multiple  in  vitro  and  in  vivo  assays. 
LALP  protects  against  the  toxic  effects  of  LPS  in  mice,  rabbits,  and  sheep. 

These  results  were  published  in  June,  1992  in  Infection  and  Immunity. 

To  identify  the  LPS  binding  site  of  LALP,  we  initially  made  four  over¬ 
lapping  synthetic  peptides  mimicking  the  entire  LALP  protein.  Binding  activity 
was  predominantly  in  the  second  peptide.  He  then  mapped  the  binding  domain  by 
creating  overlapping  peptides  around  this  peptide.  Bach  binding  assay  was 
repeated  three  times.  This  information  is  portrayed  in  the  appended  table  1. 
Binding  activity  is  represented  ae  the  lowest  quantity  of  peptide  that  binds  LPS 
in  the  assay.  Activity  is  concentrated  in  a  14  amino  acid  sequence.  This 
peptide  does  not  neutralize  LPS  in  vitro.  However,  as  noted  in  our  last  report, 
a  slightly  larger  peptide  containing  this  sequence  protects  mice  against  LPS 
challenge.-  suggesting  that  the  peptide  may  protect  by  clearing  endotoxin  from 
the  bloodstream. 


2.  LPS  binding  protein  tLBP)  and  bact9rloctdal/pem)eabllltv:_inducina 
protein  tBPH 

These  two  LPS  binding  proteins  are  under  intense  investigation.  BPI  and 
LBP  share  greater  than  S0%  sequence  homology  at  the  amino  acid  level.  BPZ  is  a 
cationic  proteiu  found  in  the  granules  of  granulocytes.  Zt  is  bacteriocidal  for 
gram  negative  bacteria,  and  functions  by  binding  to  LPS  in  the  wall  of  the 
bacteria  causing  permeability  changes.  Zt  neutralizes  LPS  in  numerous  assays. 
LBP  is  an  acute  phase  protein  produced  by  hepatocytes  that  complexes  with  LPS  in 
ser\un  and  than  binds  to  the  macrophage  surface  by  C014.  In  contrast  to  BPZ,  it 
increases  the  activity  of  LPS  on  macrophages  (and  probably  other  cells),  and 
therefore  increases  cytokine  production  in  response  to  LPS. 

As  above,  to  identify  the  LPS  binding  portion  of  these  two  homologous 
proteins,  we  reviewed  charge  and  hydropathy  plots  for  each.  A  clue  to  the 
binding  site  was  that  plasmin  cleaved  rabbit  LBP  between  AA  99  and  100.  We 
focused  on  the  published  human  sequence  of  LBP  and  initially  synthesized  5 
peptides  based  on  the  first  102  amino  acids  of  human  LBP.  We  next  studied  the 
ability  of  the  S  slightly  overlapping  peptides  to  bind  LPS  using  the  blotting 
system  described  above.  These  data  are  portrayed  in  appended  table  2.  Two 
overlapping  peptides  (of  27  and  17  amino  acids)  have  strong  binding  activity. 

Zn  collaboration  with  Dr.  Jean-Marc  Cavaillon  ,  we  also  tasted  the  ability  of 
these  same  peptides  to  altar  the  cytokine  production  from  human  macrophages.  Zn 
preliminary  studies,  the  two  peptides  that  bind  also  inhibit  the  secretion  of 
LPS-induced  tumor  necrosis  factor  from  the  macrophages. 

We  are  in  the  process  of  mapping  the  LPS  binding  site  in  more  detail  by 
synthesizing  another  series  of  peptides  to  pin  down  the  exact  site.  Since  LBP 
and  BPZ  are  homologous  and  bind  LPS,  we  are  hopeful  that  we  are  identifying  the 
binding  site  of  both  proteins.  Because  the  number  of  proteins  that  bind  LPS 
with  high  affinity  are  limited,  we  were  curious  to  see  if  there  is  any 
similarity  of  the  binding  sites  between  the  LALP  binding  site  and  the  binding 
site  of  LBP/BPZ.  Accordingly,  we  have  started  to  study  whether  antiserum  raised 
to  one  binding  site  reacts  with  the  other.  Zn  two  preliminary  experiments,  ZgO 
raised  to  a  synthetic  peptide  containing  the  active  site  of  LALP  cross-reacts 
with  another  synthetic  peptide  containing  the  internal  sequence  of  the  binding 
site  of  LPB.  Controls  included  normal  ZgO  and  ZgO  directed  to  irrelevant  bac¬ 
terial  antigens  and  an  extensive  panel  of  other  synthetic  peptides.  While  still 
preliminary,  these  experiments  suggest  that  there  is  molecular  mi  Icry  between 
the  LPS  binding  site  in  the  Limulus  protein  and  the  two  human  proteins. 

We  are  excited  by  all  of  these  results.  The  identification  of  the  LPS 
binding  site  of  these  proteins  should  help  us  to  develop  therapeutic  agents 
based  on  blocking  or  clearing  LPS. 

C.  Study  of  the  interaction  of  LPS  with  Immunoolobulin  in  the  presence  of 

1SCS2B) 

Zn  the  first  years  of  the  grant  we  found  that  tritiated  LPS  precipitates  in 
polyclonal  antisera  raised  to  rough  mutant  bacterial  vaccines,  such  as  B.  coli 
JS.  He  believe  that  this  interaction  is  important  to  understand  for  two 
reasons.  Pirst,  this  antisera  protects  against  LPS  from  all  gram  negative 
strains  in  animal  models.  However,  there  is  no  in  vitro  test  that  measures 
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binding.  An  understanding  of  the  binding  should  lead  to  a  means  of  developing 
monoclonal  antibodies  that  may  convincingly  bind  and  that  should  protect. 

Second,  knowledge  of  the  interactions  of  LPS  in  serum  should  facilitate  the 
development  of  anv  agent  that  is  based  on  binding  to  the  physicochemical  forms 
of  LPS  that  exist  in  serum.  Indeed,  the  techniques  that  «ie  have  developed  in 
the  course  of  the  grant  have  been  extremely  helpful  in  the  analysis  of  several 
therapeutic  agents  that  are  being  developed. 

Over  the  last  year  we  have  made  progress  in  understanding  the  binding  that 
takes  place  in  this  antiserum.  Approximately  60%  of  5  ug/ml  of  tritiated  LPS 
purified  from  11  gram  negative  bacterial  strains  that  we  have  studied 
precipitates  in  antiserum  to  B.  colt  JS.  compared  to  3*5%  in  normal  serum.  ZgG 
purified  from  the  antiserum  reproduces  the  activity,  but  only  in  the  presence  of 
normal  serum.  Analysis  by  SOS  PAGE  of  the  precipitate  formed  in  different  con¬ 
ditions  suggests  that  the  XgG  is  a  cryoglobulin.  XgC  rsmaining  in  solution  in 
the  cold  has  minimal  activity,  whereas  XgO  precipitated  in  the  cold  and 
resuspended  at  37  degrees  Centigrade  has  considerable  activity.  To  study  the 
relationship  of  time  following  immunisation  to  activity,  wo  immunized  rabbits 
with  B.  coli  JS  vaccine  and  prepared  serum  from  the  rabbits  at  different  times 
after  the  primary  vaccination.  We  found  maximum  precipitation  for  several  weeks 
following  the  primary  series,  following  which  there  was  rapid  loss  of  activity 
despite  maintenance  of  XgG  titers  directed  to  E.  coli  JS  LPS  by  BLXSA.  Booster 
vaccinations  again  increased  activity.  These  experiments  confirm  that  BLXSA 
titers  directed  to  rough  LPS  do  not  correlate  with  binding  activity.  This  BLXSA 
was  the  assay  used  to  screen  for  the  currently  available  anti-LPS  monoclonal 
antibodies.  The  fact  that  XgG,  as  opposed  to  XgM,  has  potent  LPS  binding 
activity  and  the  timing  of  the  antibody  appearance  should  be  very  helpful  in  the 
development  of  monoclonal  antibodies.  These  data  are  ready  for  publication. 


II.  Wew.  Knowledge  since  year  i2 

1.  Two  IgM  monoclonal  antibodies  apparently  directed  to  lipid  A  (HA-IA  and  BS) 
bind  slightly  to  LPS  as  assessed  by  RXA,  but  do  not  neutralize  its  biological 
activity  in  a  variety  of  biological  assays. 

2.  We  have  mapped  and  identified  the  LPS  binding  sites  for  three  proteins  that 
bind  LPS  with  high  affinity  using  overlapping  synthetic  peptides  and  a  sensitive 
blotting  assay.  These  proteins  aret 

a.  Limulus  anti-LPS  factor  (LALP,  BNP), 

b.  Bacteriocidal/permeability  inducing  protein  (BPX),  and 

c.  LPS  binding  protein  (LBP). 

Pine  mapping  for  the  exact  sequence  of  LBP  and  BPX  are  underway. 

3.  A  peptide  mimicking  the  active  site  of  LALP  binds  LPS  and  protects  in  an 
actinomycin  0  sensitized  mouse  model.  However,  it  does  not  neutralize  LPS  in 
vitro,  suggesting  that  it  may  function  by  clearing  LPS  from  the  bloodstream. 

4.  This  peptide  has  been  chomically  linked  to  human  and  murine  XgO  using  bifunc¬ 
tional  linkers  in  order  to  create  peptide- immunoglobulin  hybrid  molecules.  Xn 
preliminary  studies,  this  molecule  behaves  like  an  LPS  binding  immunoglobulin  as 
assessed  by  ELISA. 

5.  XgG  directed  to  a  peptide  containing  the  LALP  (BNP)  binding  site  cross-reacts 
with  a  peptide  containing  the  LBP  binding  site  in  t%«o  preliminary  experiments. 

Xf  confirmed,  this  finding  suggests  that  the  binding  site  has  been  highly  con- 


larved  over  time  (between  Limulus  crabs  and  humans). 

6.  In  an  attempt  to  understand  the  basis  of  protection  of  polyclonal  antlseriun 
to  B.  coll  J5,  we  have  been  focussing  on  the  Interactions  of  ^H-LPS  and  elements 
In  this  antiserum.  The  development  of  monoclonal  antibodies  to  the  common 
antigens  on  the  LPS  core  was  based  on  the  protective  activity  of  this  antiserum. 
We  have  established  that: 

a.  .  XgG  from  this  antiserum  binds  to  LPS.  ZgH  from  this  antiserum  also 
binds,  although  the  Interaction  seems  less. 

b.  The  binding  of  ZgG  to  LPS  Is  critically  dependent  upon  a  factor  In 
normal  serum.  The  Identity  of  this  factor  Is  unknown. 

c.  The  ZgG  that  binds  to  LPS  Is  a  cryoglobulin. 

d.  The  fraction  of  ZgG  that  binds  LPS  Is  Induced  rapidly  after  a  primary 
Immunization  series,  and  then  wanes  rapidly.  Zt  Is  relnduced  with  booster 
Injections.  Thus,  the  kinetics  mimic  a  typical  IgM  response  (perhaps  explaining 
why  previous  Investigators  sought  to  raise  ZgH  monoclonal  anclbodles  rather  than 
ZgG  monoclonal  antibodies). 

e.  The  fraction  of  ZgG  that  binds  LPS  Is  not  measured  by  ELZSA  assays  using 
B.  coll  J5  LPS  as  an  antigen.  Accordingly,  cross-reactive  monoclonal  antibodies 
could  not  be  screened  for  using  this  assay. 

This  Information  should  be  helpful  to  generate  ZgG  monoclonal  antibodies 
that  would  cross-react. 


IZZ.  ffignifjeancg 

We  believe  that  our  work  over  the  last  year  Is  Important  on  several  fronts. 
First,  we  have  studied  two  commercial  monoclonal  antibodies  (HA-IA  and  BS)  that 
were  widely  promoted  to  bind  and  neutralize  endotoxin.  Using  the  reagents  and 
techniques  In  the  grant  we  bound  that  the  binding  of  each  was  slight  and  that 
neither  neutralized  LPS.  These  findings  are  consistent  with  the  results  of  the 
clinical  trials,  which  seem  to  Indicate  to  us  a  marginal  clinical  effect.  Bach 
of  these  agents  came  close  to  being  used  widely  In  the  United  States  for  the 
treatment  of  gram  negative  sepsis  at  great  cost.  Trials  are  underway  for  HA-IA 
for  a  subgroup  of  the  first  trial  In  which  there  seemed  to  be  considerable 
positive  effectt  patients  who  have  sepsis  and  shock.  Hopefully,  this  trial  will 
confirm  this  effect.  If  so,  our  data  suggest  that  HA-IA  would  be  working  by  a 
different  mechanism  than  neutralization,  such  as  by  clearing  LPS  from  the  blood¬ 
stream.  This  hypothesis  remains  to  be  tested. 

As  noted  above,  we  have  made  considerable  progress  In  understanding  the 
Interactions  of  trltlated  LPS  and  polyclonal  antiserum  to  rough  mutants,  such  as 
B.  coll  JS.  The  protection  offered  by  this  antiserum  Is  the  experimental  basis 
upon  which  anti-core  and  antl-llpld  A  monoclonal  antibodies  are  based.  Our 
findings  that  normal  serum  Is  needed  for  the  binding,  that  ZgG  Is  as  or  more 
active  than  ZgM,  that  the  ZgG  that  binds  Is  a  cryoglobulin,  and  that  ZgG  formed 
early  after  the  primary  Immunization  binds  best  all  provide  Information  needed 
to  develop  cross-reactive  monoclonal  antibodies.  The  factor  In  normal  aerxim 
that  facilitates  the  binding  remains  unknown. 

We  feel  that  our  results  regarding  the  known  LPS  binding  proteins  that  we 
have  studied  are  very  significant.  Although  we  have  been  working  on  this  area 
for  only  a  year,  we  believe  that  we  have  Identified  the  LPS  binding  site  of  all 
three  proteins.  Preliminary  data  suggest  that  this  site  may  be  homologous,  at 
least  antlgentlcally,  between  all  throe.  Two  of  the  throe  proteins  (used  In 
their  entirety)  are  being  developed  for  the  treatment  of  gram  negative  sepsis. 
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Zdentiflcation  of  the  binding  site  should  permit  developownt  of  agents  that  have 
higher  activity  and  that  are  smaller  and  therefore  not  imnunogenic.  An  exciting 
possibility  may  be  to  couple  a  synthetic  peptide  containing  the  active  site  to 
ZgO  or  purified  Fc  fragments  of  IgG  to  make  a  synthetic  hybrid  molecule  that 
binds  and  clears  LPS.  We  have  prepared  such  a  rsagsnt  and  finds  that  it 
converts  normal  IgG  into  IgG  that  binds  LPS  with  high  affinity.  The  identi-* 
fication  of  the  LPS  binding  sites  should  have  two  other  ramifications-.  First, 
since  LPS  binds  to  LBP  in  serum  and  the  LPS-LBP  complex  binds  to  the  C014 
receptor  of  macrophages  with  a  resultant  increass  in  TNF  production,  a  synthetic 
peptide  mimicking  the  LPS  binding  site  should  compete  with  binding  for  LBP  and 
thus  block  its  action.  Early  experiments  suggsst  that  this  is  the  case. 

Second,  it  appears  that  the  active  site  has  been  strongly  conserved  over  time. 
The  family  of  synthetic  peptides  that  we  have  developed  should  provide  excellent 
reagents  to  probe  the  metabolism  and  physiological  roles  of  the  natural  LPS 
binding  proteins.  This  information,  in  turn,  should  be  helpful  in  the  devel¬ 
opment  of  therapeutic  agents. 


ZV.  Publications  over  the  last  year 
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Int  Swartz  MN  and  Remmington  JS,  ed.  Current  Clinical  Topics  in  Infectious 
Disease,  11th  ed.  Blackwell  Scientific  Press.  1991. 

2.  Wirren  HS.  Adjuvants.  Int  Roitt  IM  and  Delves  PJ,  eds.  Encyclopedia  of 
Immunology.  Philadelphia:  W.B.  Saunders  Co.  1992. 

3.  Lynfield  R,  Warren  HS.  Antimicrobial  treatment  of  sepsis  in  the  pediatric 
intensive  care  unit.  In  Todres  D  and  Fugate  J,  eds.  A  practice  of  Pediatric 
Intensive  Care,  Little,  Brown  and  Co,  Boston.  (In  press). 
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have  completed  the  experiment*  for  several  additional  articles  and  it 
will  be  important  to  get  these  results  written  up  and  submitted  in  the  near 
future.  Anticipated  articles  are: 

1.  our  newer  results  regarding  the  role  of  normal  serum  elements  in  the 
immunoprecipitation  of  LPS  complexes  by  IgG  and  IgM. 

2.  The  results  of  the  screening  pilot  project  that  revealed  that  there  are  some 
donated  human  plasma  units  that  contain  high  IgG  titers  directed  to  multiple 
clinically  important  gram  negative  strains.  (The  data  for  this  article  is 
outlined  in  the  July  12,  1991  trimester  report). 

3.  An  article  on  the  detection  of  LPS  in  tissues  using  LAL  and  ELISA  techniques. 

4.  An  article  comparing  the  kinetics  and  tissue  localization  of  LPS  in  tissues 
after  endotoxemia  with  bacteremia  (Submitted). 

5.  The  tuork  involving  the  mapping  of  the  LPS  binding  site  of  LALP  described 
above. 


V.  Future  goals 

We  are  in  the  last  2'-3  months  of  support  from  our  initial  three  year  grant. 
One  goal  will  be  to  write  up  and  submit  our  backlog  of  :  'suits.  Other  goals 
that  we  hope  to  accomplish  in  the  next  several  years  are: 


1.  Development  of  therapeutic  approaches  based  on  our  identification  of  the  LPS 
binding  sites  of  several  proteins  using  our  panel  of  synthetic  peptides. 

One  peptide  has  already  been  found  to  be  protective.  We  hope  to  use  the 
peptides  to  assess  the  importance  of  the  clearance  of  LPS  vs  its  neutralization 
using  the  peptide  families.  We  hop*  to  create  several  secondary  constructs  con¬ 
taining  the  peptides  including  multiple  copies  of  the  peptides  linked  in  "comb" 
and  "snowflake”  configurations,  as  well  as  coupling  the  peptides  to  IgG.  We 
will  then  compare  the  ability  of  these  reagents  to  bind,  neutralize,  and  clear 
LPS  in  animal  models. 

2.  Study  of  each  of  the  peptides  and  the  secondary  structures  to  bind,  kill,  and 
opsonize  bacteria. 

3.  Study  of  the  ability  of  each  of  the  peptides  to  block  the  known  functions  of 
each  of  the  parent  proteins. 

4.  Study  of  the  ability  of  antiserum  to  each  of  the  aecive  sites  to  block  the 
functions  of  the  parent  proteins. 

5.  Identification  and  characterization  of  the  normal  serum  element  that  permits 
binding  of  tritlated  LPS  to  E.  coli  J5.  Identification  of  its  LPS  binding  aits 
if  there  is  one.  Eventual  attempt  at  developing  cross-reactive  monoclonal 
antibodies  based  on  a  screening  assay  containing  this  factor. 

6.  Assessment  of  the  protective  efficacy  of  plasma  screened  for  high  titers  to 
multiple  strains  of  gram  negative  bacteria 
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Tti«  u8«  of  monoclonal  antlbodias  directed  to  lipid  A  for  the  therapy  of 
gram-negative  sepsie  ie  controvereial.  In  an  attempt  to  understand  their 
biologic  basis  of  action*  we  utilized  a  fluid-phase  radioimmunoassay  to  measure 
binding  between  bacterial  lipopoly saccharide  and  two  XgH  monoclonal  antibodies 
directed  to  lipid  A  that  are  being  evaluated  for  the  treatment  of  gram-negative 
bacterial  sepsis.  Both  antibodies  bound  ^H-LPS  prepared  from  multiple  strains 
of  gram  negative  bacteria  when  large  excesses  of  antibody  were  utilized, 
although  binding  was  modest  and  only  slightly  greater  than  control  preparations. 
He  also  studied  the  ability  of  each  anti-lipid  A  antibody  to  neutralize  some  of 
the  biological  effects  of  lipopolysaccharide  in  vitro.  Despite  large  molar 
excesses,  neither  antibody  neutralised  lipopolysaccharide  as  assessed  by  the 
Limulus  lysate  test,  by  a  mitogenic  assay  for  murine  splenocytes,  or  by  the  pro¬ 
duction  of  cytokines  IL-1,  11.-6,  or  TNP  from  human  monocytes  in  culture  medium 
or  in  whole  blood.  Our  experiments  do  not  support  the  hypothesis  that  either  of 
these  anti-lipid  A  monoclonal  antibodies  function  by  neutralizing  the  toxic 
effects  of  LPS. 


INTRODUCTIOK 

In  1968,  Chedid  et  al.  reported  that  the  passive  infusion  of  antiserja 
raised  to  killed  rough  mutant  bacteria  protected  mice  against  challenge  with 
heterologous  gram  negative  bacteria  (1).  Rough  mutant  bacteria  are  unable  to 
incorporate  O-polysaccharide  onto  the  glycolipid  of  LPS,  and  therefore  expose 
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th«  deeper  core  atructuree  of  endotoxin  on  their  surface.  These  authors 
proposed  that  a  few  antibodies  or  serum  factors  specific  for  the  endotoxin  core 
could  "have  the  capability  of  coping,  like  maaterkeys,  with  a  very  wide  range  of 
infections  due  to  serologically  unrelated  organisms*  (1).  Over  the  next  tt«o 
decades  several  laboratories  studied  the  ability  of  antisera  raised  to  two  bae« 
terial  mutants,  E.  coli  JS  and  S.  mlnnesota  PeS9S,  to  protect  in  animal  models 
of  endotoxic  shock.  Most  (1-7),  but  not  all  (8,9),  of  these  studies  confirmed 
that  passively  transferred  antisera  raised  to  these  organisms  protect  against 
challenge  with  heterologous  LPS  in  animal  models.  A  clinical  trial  indicated 
that  polyclonal  antiserum  raised  to  t.  coll  JS  was  therapeutic  for  patients  with 
gram  negative  sepsis  (10).  Two  lines  of  evidence  suggested  that  the  protective 
element  in  these  antisera  was  immunoglobulin  dir  cted  against  common  epitope(s). 
first,  purified  '.mmunoglobulin  fractions  prepared  from  the  polyclonal  antisera 
protected  in  animal  models  (4,11,12).  Second,  the  protective  activity  in  the 
antisera  could  be  absorbed  with  the  rough  mutant  LPS  or  bacteria,  but  not  with 
control  heterologous  LPS  or  bacteria  |1,S,8,  IS,? -•  > .  The  concept  evolved  that 
some  of  the  immunoglobulin  in  these  antisera  cross-reacted  with  LPS  from 
multiple  gram  negative  strains,  and  therefore  was  able  to  "cross-protect* 
against  heterologous  strains.  Cross-reactive  immunoglobulin  was  hypothesised  to 
protect  by  neutralising  the  toxic  effects  of  endotoxin  (10). 

Several  investigators  have  generated  monoclonal  antibodies  to  structures  on 
the  core  glycol ipid  of  LPS  (lS-20).  Two  of  these,  KA-IA  (Centocor,  Malvern,  PA) 
and  IS  (XOKA,  Berkeley,  CA),  have  been  studied  In  human  trials  which  enrolled 
patients  with  suspected  gram  negative  sepsis  (16,21,22).  MA-IA  is  a  human  IgM 
monoclonal  antibody  which  binds  to  the  lipid  A  (15).  This  antibody  has  been 
reported  to  protect  in  some  animal  models  (IS, 23),  slthougn  in  other  models  the 
protection  has  been  only  modest  (24, 2S).  The  protective  efficacy  of  HA-IA  for 
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9raffl  negative  aepeia  hat  been  studied  in  a  tingle  double  blind,  randomized, 
placebo-controlled  clinical  trial  (21).  In  this  study,  administration  ot  HA-IA 
was  associated  with  decreased  28  day  all-cause  mortality  in  a  subgroup  of 
patients  that  had  gram  negative  bacteremia.  HA-lA  is  licensed  for  use  as  a 
therapy  for  gram-negative  sepsis  in  some  countries  in  Europe.  IS  is  a  murine 
IgM  monoclonal  antibody  which  also  binds  to  lipid  A  (18).  There  are  few  data 
available  regarding  the  ability  of  IS  to  protect  in  animal  SMidels.  Two  articles 
suggest  that  it  provides  slight  protection  against  endotoein  (28)  or  bacterial 
challenge  (27).  IS  has  bean  evaluated  in  two  clinical  trials.  In  the  first 
trial,  administration  of  IS  was  associated  with  increased  survival  in  a  subset 
of  patients  with  gram  negative  sepsis  who  were  not  in  refractory  shock  (18).  In 
the  second  trial  there  was  apparently  no  improved  survival  in  patients  with  doc¬ 
umented  gram  negative  sepsis,  although  these  results  have  been  presented  in 
abetract  form  only  (22). 

Because  a  proposed  mechanism  of  action  of  these  two  antibodies  la  to  bind 
and  neutralise  lipopolysaccharide,  we  studied  the  ability  of  each  to  bind  the 
LM  from  multiple  clinical  strains  of  gram  negative  bacteria.  The  results  of 
solid  phase  immunoassays  can  be  difficult  to  interpret  because  of  non-specific 
interactions  and  the  amphipathie  nature  of  Lkf.  Accordingly,  we  used  a  fluid- 
phase  radioimmunoassay  to  measure  antlbody-llS  binding.  We  also  evaluated  the 
ability  of  each  anti-lipid  A  antibody  to  neutrallte  the  effects  of  LM  in 
several  in  '•itro  assays  of  endotosin  bioactivity,  we  found  that  both  HA-IA  and 
IS  bound  slightly  to  LM  from  multiple  smooth  strains  of  gram  negative  bacteria 
when  large  excesses  of  antibody  were  utilized.  However,  neither  antibody 
neutralized  LPS  as  assessed  by  the  Limulus  lysate  teat,  by  a  mitogenic  assay  for 
murine  splenocytes,  or  by  the  production  of  the  cytokines  IL-l,  IL-8,  or  TNf 
from  human  monocytes  in  culture  siedium  or  in  whole  blood.  Our  experiments  do 


not  support  tho  hypothesis  thst  either  of  these  two  snti>lipld  A  monoclonsl 
entibodies  function  by  binding  end  neutrsllxlng  the  toxic  effects  of  LPS. 


Lleopolvssccharidei 

Unlebeled  LPS  from  tvohlmurlum.  K.  pneumoniae.  8.  marcescens.  I.  coll 
JS»  end  B.  coll  Kia.D31«4  (Pe)  were  purchased  from  List  Co.  (Campbell >  CA). 
Onlabeled  LPS  from  B.  coll  0113  was  prepared  by  the  hot  phenol  method  ae 
deeerlbed  by  Rudbach  (28).  Unlabeled  LPS  from  W.  menlnoltidis  was  the  kind  91ft 
of  Martlne  Caroff  (UA  Centre  National  de  la  Recherche  Selentlflque  1118,  Orsay, 
Prance). 

Cultures  of  B.  coll  0111>84,  t.  coll  018,  and  I.  coll  J8  were  the  kind 
9ifte  of  Or.  David  Morrison  (University  of  Kansas  Medical  Center,  Kansas  City, 
Kansas),  Or.  Ceorge  Slber  (Dana  Parber  Cancer  Institute,  Boston,  HA),  and  Dr. 
Jerald  Sadoff  (Halter  Reed  Army  Institute  of  Research,  Hashington,  DC,  respec¬ 
tively).  Cultures  of  B.  coll  strains  01,  03,  04,  08,  02,  08,  018,  035,  and  07$ 
were  the  kind  glfte  of  Dr.  Alan  Cross  (Halter  Reed  Army  Institute  of  Research, 
Washington,  O.C. 

•losynthetlcally  radiolabeled  strains  of  B.  coll  strains  (except  for 
coll  J5)  t«ere  prepared  by  growing  the  organlsme  In  the  presence  of  ^K-acetate 
followed  by  hot  phenol  extraction  as  previously  described  (39).  Briefly,  we 
grew  eulturee  of  each  organism  to  an  optical  density  of  0.9  at  540  nm  (with  a 
path  length  of  1.0  csi)  in  broth  containing,  per  liter,  33.5  9  of  yeast  extract, 
11  9  peptone,  4  g  of  monobasic  potassium  phosphate,  18.8  g  of  dibasic  potasslua 
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phosphate,  and  10  g  of  glucose.  In  the  pretence  of  10  nCt  of  ^H*acetate  per  100 
ml  broth.  The  cells  v^re  chilled  and  washed  three  times  In  saline,  and  the  LPS 
was  extracted  by  the  hot  phenol  method  (30).  The  preparations  were  then  treated 
with  DNase  and  RNase  and  then  with  pronase  (SlQma  chemical  Co,  St.  Louis,  Ho) 
according  to  the  method  of  Romeo  (31).  The  concentrations  of  LPS  were  estimated 
by  a  spectrophotometric  LAL  gelation  assay  utilising  an  t.  coli  0113  LPS 
standard  containing  10  endotoxin  units/ng  (lot  20;  Associates  of  Cape  Cod, 
Palmouth.  KA)  (33).  These  results  were  similar  to  those  obtained  by  weight. 
Solutions  of  ^K-LPS  %wrs  adjusted  to  1  ;<g/ml  and  cpm/vg  were  calculated  by 
counting  a  0.4-ffll  volume  combined  with  4.S  ml  of  optiflor  scintillation  fluid 
(Packard,  Downers  Crove,  XL).  The  different  LPS  contained  the  following  cpn/ugi 
f.  coli  01-  7,110,  E.  coli  02-  13,810,  04-  10,490  cpm/ug,  E.  cell  08- 

7,200  cpm/ug,  E.  coli  07-  12,150,  E.  coli  08-  10,990,  E.  coli  016-  17,100.  fj. 
coli  018-  6,150  cpm/ug,  E.  coli  025-  11,040  cpm/ug,  E.  coli  0*5-  4,700  cpm/ug, 

E.  coli  0111 t 84-  4,040  cpm/ug.  Creator  than  999  of  each  radiolabeled  LPS  was 
demonstrated  to  remain  in  the  water  phass  after  Itl  ether-water  extraction  at  pH 
S.  Sodium  dodecyl  sulfate-polyacrylamide  gel  electrophoresis  of  each  LPS 
resulted  in  a  regularly  spaced  band  pattern  typical  of  LPS  when  stained  with 
silver  Similar  regularly  spaced  band  patterns  were  obtained  when  the  gels 
were  analyzed  by  autoradiography. 

Radiolabeled  LPS  from  E.  coli  J5  was  made  by  growing  the  organisms  in  broth 
containing  ^H-acetata  as  described  above  and  extracting  the  LPS  as  described  by 
Calanoe  (33).  This  LPS  contained  33,000  cpm/;jg. 

AaUl>90tst--ia4..go<it.rgii 


The  human  anti-lipid  A  XgM  monoclonal  antibody  (KA-IA,  Centoxin)  used  in 


th«  atudy  wa«  from  Centocor  B.V.  (Laiden,  Netharlandt) .  It  w«a  supplied  as  a  5 
mg/ml  solution  containing  St  human  serum  albumin.  Murine  anti-lipid  A  IgM 
monoclonal  antibody  (ES)  was  the  kind  gift  of  Dr.  Robert  Rubin  (Infectious 
Disease  Unit,  Massachusetts  General  Hospital,  Boston,  HA).  It  was  supplied  as  a 
2  mg/ml  solution  in  phosphate  buffered  saline,  pH  7.3.  Murine  lgG2a  monoclonal 
antibody  directed  to  the  O-polysaccharide  of  E.  coll  0111>B4  was  the  kind  gift 
of  Or.  Matthew  Pollack  (Uniformed  Health  Services  University  and  Health 
Sciences,  Bethesda,  MO).  Human  myeloma  IgM  and  murine  polyclonal  IgH  were  pur¬ 
chased  from  Rockland  Inc.  (Gilbertsville,  PA).  Polyclonal  human  IgM  was  pur¬ 
chased  from  Organon  Teknika  Corp  (West  Chester,  PA).  Polymyxin  8  used  in  the 
mitogenic  experiments  and  the  cytokine  experiments  were  obtained  from  Pfipharmes 
(New  York,  NY). 

fluid-phase  radioiemunoasssY 

Radiolabeled  LPS  was  incubated  in  dilutions  of  sach  monoclonal  antibody  or 
controls  at  37*c.  Complexes  of  ^H-LPS  bound  to  protein  were  then  separated  from 
free  ^H-LPS  by  precipitation  in  half-saturated  ammonium  sulfate  according  to  the 
method  of  Parr  (34). 

Specifically,  S  ug/ml  of  sach  smooth  LPS  tested  was  incubated  in  ISO  ul  of 
dilutions  of  the  monoclonal  antibody  to  be  tested  in  .OIM  phosphate  buffered 
saline,  pH  7.3  for  130  minutes  at  37*C  in  a  l.Sml  microcentrifuge  tube. 

Controls  were  human  serum  albumin  (HSA),  polyclonal  human  IgM,  human  myeloma 
IgM,  polyclonal  murine  IgM,  and  a  murine  IgO  Nab  directed  to  the  O  polysac¬ 
charide  of  B.  coll  olllt84.  following  incubation,  the  solution  was  cooled  on 
ice  for  15  minutes.  An  egual  volume  of  iced  saturated  ammonium  sulfate  was  then 
added  drop  wise  and  the  solution  was  allowed  to  sit  at  4*C  for  another  IS 


minutes.  The  tubes  were  next  centrifuged  st  12,000  x  g  for  IS  minutes.  Super¬ 
natants  were  carefully  aspirated,  and  pellets  were  washed  twice  with  S0% 
amnoniuffl  sulfate  and  resuspended  in  300  ul  of  PBS.  The  quantity  of  LPS  in  the 
supernatants  and  pellets  were  assessed  by  counting  0.4  mis  of  a  li7  dilution  of 
each  combined  with  4.S  ml  of  optiflor  scintillation  fluid  (Packard,  Downers 
Grove,  XL).  Quenching  was  minimal  and  was  corrected  by  using  the  internal 
standard  method.  Greater  than  99%  of  the  HA-IA  war  documented  to  be  in  the 
pellet  following  precipitation  with  S0%  anmonium  sulfate  as  assessed  by  a 
capture  IgH  CLISA  technique.  Greater  than  80%  of  CS  was  found  in  the  pellet 
following  precipitation  as  assessed  by  a  protein  assay  using  bicinchoninic  acid 
(Pierce,  Rockford,  XL).  Less  than  S%  of  each  smooth  LPS  tssted  precipitated  in 
PBS  alone.  However,  greater  than  90%  of  the  ^H-LPS  from  rough  mutant  E.  eoli  JS 
precipitated  in  PBS-HSA  alone,  so  that  we  were  unable  to  teat  this  LPS  in  the 
system.  Por  moat  of  the  assays,  recovery  of  radioactivity  was  greater  than  8S% 
using  this  assay.  At  low  protein  concentrations  (loss  than  50  ug/ml)  recovery 
was  sometimes  less,  which  t>e  attributed  to  LPS  binding  to  the  walls  of  the  tube. 
All  assays  were  performed  in  duplicate  and  the  results  are  given  as  means. 
Results  were  calculated  as  percentage  recovered  cpm  as  determined  by  the 
formula!  (cpm  in  the  pellet/cpm  recovered)  x  100,  expressed  to  the  nearest  whole 
percentage  point.  Results  are  given  ae  the  mean  of  at  least  two  experiments. 


A  spectrophotometric  Limulus  lysate  assay  was  utillaed  as  previously 
described  (35).  Briefly,  50  ul  of  a  solution  of  20  ug/ml  of  each  monoclonal 
antibody  in  pyrogen  free  saline  ««ere  incubated  with  50  ul  of  dilutions  of  LPS 
for  30  min  at  37*C  in  a  95  well  microtiter  plate.  One  hundred  ul  of  LAL  were 
then  added  and  the  plate  was  Incubated  at  37*C  for  an  additional  50  minutes. 
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Coagulatlon  of  tho  LAL  waa  meaaurcd  apeetrophototnatrleally  at  In  an 

automated  ELISA  reader.  Coagulation  of  the  LAL  In  the  presence  of  HA-IA  or  ES 
was  compared  to  coagulation  of  the  LAL  in  saline  alone. 

Mitogenic  assar 

The  mitogenic  assay  was  performed  essentially  as  described  by  Jacobs  (36). 
Briefly,  dilutions  of  LPS  vcf  prsincubated  in  the  presence  of  635  ug/ml 
monoclonal  antibody  or  control  or  50  ug/ml  polymyxin  B  for  2  hours  at  37*C. 

This  solution  was  then  diluted  in  RPHI  media  supplemented  with  antibiotics  con¬ 
taining  0.01  M  Hepes  and  10%  fetal  calf  serum  and  incubated  in  a  volume  of  200 
ul  for  48  hours  with  5  x  10^  splsen  cells  from  Balb/C  mice.  The  final  antibody 
or  HSA  control  concentrations  in  culture  were  25  ug/well  and  the  final  polymyxin 
B  concentration  in  culture  was  2  ug/well.  One  mierocurie  of  ^H-thymidine  was 
next  added  to  each  well  and  cells  %Mre  incubated  for  an  additional  16  hours. 
Incorporated  radioactivity  was  measured  using  a  cell  harvester  (Cambridge  Tech¬ 
nology,  Matertown,  MA)  to  disrupt  the  cells  followed  by  scintillation  counting. 
Each  assay  was  done  in  quadruplicate,  anti  the  results  are  given  as  the  mean. 

CYtohine  assays 

Preparatioa  and  trsatmest  of  hueaa  eoaocytes. 

Peripheral  blood  mononuclear  cells  were  obtained  by  centrifugation  on 
fieoll  (MSL;  Burobio,  Prance)  of  li3  diluted  heparlnised  venous  blood  from 
healthy  adult  volunteers.  Monocytes  were  selected  by  allowing  the  mononuclear 
cells  to  adhere  to  plastic  culture  dishes  (34  wellsi  Rune,  Rosklids,  Denmark)  in 
the  absence  of  serum  (37).  Mors  than  85%  of  the  adherent  cells  were  monocytes. 
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«•  assessed  by  morphological  analysis  by  phase-contrast  microscopy, 
histochemical  staining  for  nonspecific  esterase  activity  (38),  and  indirect 
immunofluorescence  staining  using  anti- lymphocyte  antibodies,  OKTll  (Ortho  Diag¬ 
nostics,  Inc.,  Raritan,  N.J.)  and  1081  (Immunotech,  Marseille,  France).  Human 
mononuclear  adherent  cells  (5  X  10^  nonspecific  esterase-positive  cells  per 
well),  cultured  in  RPMX  1640  medium  (CISCO)  supplemented  with  100  10  of 
penicillin  per  ml  and  100  pg  of  streptomycin  per  ml,  were  incubated  for  24  h  in 
the  presence  of  free  LPS,  or  in  the  presence  of  LPS  which  had  been  previously 
incubated  with  dilutions  of  anti-lipid  A  antibodies  or  2  ug/ol  polymyxin  B  for  1 
hour  at  37*C  in  culture  medium  containing  3.3%  decomplemented  normal  human 
serum.  These  solutions  were  then  added  to  the  cells  so  that  the  final  serum 
concentration  in  all  cultures  was  0.2%.  Final  reaction  mixtures  contained  the 
indicated  amounts  of  antibody  and  LPS  in  a  volume  of  O.S  ml  per  well.  Culture 
supernatants  were  collected  and  centrifuged  at  3,000  X  g  for  15  min.  and  assayed 
for  cytokines.  lL-1  found  in  the  supernatant  will  be  referred  to  as  IL-l  or 
released  IL-1.  The  adherent  cells  were  then  lysed  by  three  freese-thaw  cycles 
in  O.S  ml  of  fresh  RPMI  1640  medium  and  the  lysates  were  centrifuged  at  3,000  X 
g  for  15  min.  The  lL-1  found  in  these  supernatants  will  be  referred  to  as  cell- 
associated  IL-1. 

Mhole  blood  eytohiae  assays 

The  induction  of  cytokines  by  LPS  from  whole  blood  was  measured  as 
described  (39).  Briefly,  500  ul  blood  diluted  li9  in  RPNI-1640  culture  medium 
per  well  was  cultured  in  the  presence  of  free  LPS,  or  LPS  that  had  been  prein- 
cubated  with  antibodies  or  polymyxin  B  as  above.  Final  reaction  mixtures  con¬ 
tained  the  indicated  amounts  of  antibody  and  LPS.  Cytokines  were  assayed  fol¬ 
lowing  24  hours  of  culture. 
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XHT  ass«y. 

TWFa  RIA.  An  RIA  specific  for  THFo  was  performed  according  to  Hunos  et  al. 
(37)  with  minor  modifications.  Briefly,  on  day  1,  100  til  of  a  rabbit  anti-TNPa 
antiserum  (a  kind  gift  of  Catherine  Rougeot,  Institut  Pasteur)  diluted  1:8,200 
to  precipitate  3S%  of  the  radiolabeled  TNP  was  added  to  100  ^1  of  standards  or 
samples.  To  determine  the  nonspecific  binding,  100  fjl  of  BSA  buffer  was  added  to 
a  tube  instead  of  sample.  Then  300  iil  of  BSA  buffer  was  added  to  each  tube. 
After  vortexing,  the  tubes  were  incubated  for  24h  at  room  temperature. 

Standards  of  TNFa  (Rhone  Poulenc,  France)  containing  0,  40,  80,  150,  300,  600, 
1,2500,  2,500,  5,000,  and  10,000  pg/ml  were  employed.  On  day  2,  100)/1  of  a 
solution  of  ^^^1-TNFa  (30pCi/pg,  New  England  Nuclear,  Boston,  HA)  containing  ■ 
10,000  cpm  was  added  to  each  tube.  The  tubes  were  vortexed  and  incubated  at 
room  temperature  for  24h.  On  day  3,  500  iil  of  BSA  buffer  containing  6%  of 
polyethylene  glycol  8000  (Sigma  Chemical  Co.),  1%  of  horse  anti-rabbit  IgO  and 
0.1%  of  normal  rabbit  serum  were  added.  The  tubes  were  vortexed  and  incubated 
for  2  h  at  4*C.  The  tubes  were  then  centrifuged  at  1,500  g  for  IS  min  at  room 
temperature.  Thereafter,  the  supernatants  were  disccrded  and  the  tubes  were 
kept  inverted  for  30  min  and  drained  on  absorbent  paper.  Tubes  were  counted  in 
a  gamma  counter  and  the  value  for  nonspecific  binding  was  subtracted.  All 
standards  and  samples  were  expressed  as  percentage  of  the  standard  containing  no 
TNPo  (sero  standard).  The  concentrations  of  TNFa  in  pg/ml  on  a  logarithmic  x- 
axls  were  plotted  against  the  binding  percentage  on  a  logarithmic  y-axis.  The 
standard  curve  obtained  was  used  to  determine  the  concentrations  of  TNFa  in 
samples.  The  detection  limit  was  70  pg/ml  (set  binding  of  95%  of  sero 
standard) . 

ZX,-!  assay. 

RIA.  A  similar  RXA  protocol  as  that  used  for  TNFa  measurement  was 


•mployad  to  detormln*  concentrations  of  lL-10.  Standard  XL->0  was  obtained  fron 
Rhone  Poulenc  (France).  Rabbit  anti-IL-lS  antiserum  (1:150)  was  purchased  from 
Sndogen  (Boston,  MA),  and  (126>253  pCI/pg)  was  obtained  from  New 

Cngland  Nuclear  (Boston,  KA).  On  day  3,  500  pi  of  8SA  buffer  containing  6% 
polyethylene  glycol  8000,  1%  of  sheep  anti-rabbit  IgO  (Sigma  Chemical  Co.)  and 
0.05%  normal  rabbit  serum  were  added  to  each  tube.  Determination  of  IL-10  con¬ 
centrations  in  plasma  and  samples  were  calculated  as  described  above.  The 
detection  limit  was  70  pg/ml. 

IL-la  BLTSA.  The  It-la  concentrations  were  determined  by  ELISA  using  two 
anti-IL-la  monoclonal  antibodies  as  described  (37).  Briefly,  on  day  1,  Luxlon 
ELISA  microtiter  plates  were  coated  with  100  ul  of  monoclonal  mouse  IgGl  anti- 
rhlL-la  (lOpg/ml  in  carbonate  buffer)  and  incubated  2  h  at  37*C.  The  plates 
were  washed  three  times  with  0.1%  Tween-20  PBS.  Standards  (0,  10,  30,  300, 
1,000,  3,000,  and  10,000  pg/ml  rhIL-la)  or  cell  supernatant  or  cell  lysate 
samples  diluted  in  1%  BSA,  0.1%  Tween-20  PBS  were  added  to  coated  wells  and 
incubated  overnight  at  4*C.  on  day  2,  the  plates  were  washed  three  times  and 
100  pi  of  the  second  monoclonal  mouse  anti-rhIL-la  (IgC2b)  (1:2,000  in 
BSA/Tween/PBS)  were  added  into  each  well.  Plates  were  incubated  for  3  h  at 

37*C.  After  washing,  100  pi  of  peroxidase  conjugated  anti-mouse  IgC2b  (1:5,000) 

(Southern  Blotechnical  Associates,  ine.,  Birmingham,  AL)  were  added  to  each  well 
and  the  plates  were  left  for  1  h  at  37*C.  After  washing,  enzymatic  activity  was 
detected  with  a  phosphate  citrate  buffer  containing  1  mg/ml  0-phenylenediamlne 
dihydroxychlorlde  (Sigma  Chemical  Co.)  and  hydrogen  peroxide  (0.06%).  The 
reaction  was  stopped  with  50  pi  of  3N  HCl  and  the  absorbance  was  read  at  492  nm 
in  a  microplate  reader  (Titertek  multiskan  MC340;  Flow  laboratories,  Ine., 
McLean,  VA).  The  levels  of  Il-la  in  the  samples  were  calculated  by  reference  to 

the  standard  curve.  The  detection  limit  of  Il-la  was  30  pg/ml. 
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IV-i  assay. 

lL-6  Bloasaav.  IL-6  activity  was  detarminad  as  described  (37)  by  using  the 
specific  7TDI  IL-6-dependent  cell  line  (40)  kindly  provided  by  Or.  J,  Van  Snick 
(Ludwig  Institute  for  Cancer  Research#  Brussells).  Calls  were  cultured  at  a 
density  of  1,200  calls/well  (96-weil  multidish  plates#  Falcon  Labware#  Oxnard# 
CA)  in  100  ul  of  RPMX  medium  supplemented  with  antibiotics#  2-mercaptoethanol  (S 
X  lO'^M)  and  10%  FCS#  in  the  presence  of  serial  dilutions  of  cell  supernatants. 
After  4  d  of  culture  at  37*C#  the  proliferation  was  monitored  by  a  dye  method 
(55).  Briefly#  135  pg  of  teirazolium  salts  (MTT)  were  added  to  each  well  and 
after  1-2  h  of  incubation  at  37*C#  the  reaction  was  stopped  with  100  ul/well  of 
an  extraction  buffer  (20%  SOS#  50%  DHF#  2.5%  l.ON  HCl#  2.5%  of  80%  acetir  acid# 
ph  7.4).  After  overnight  incubation  at  37 *C#  optical  densities  were  measured  at 
540  nm  using  an  automated  microELISA  autoreader.  One  unit  of  IL-6  corresponds 
to  half-maximum  growth  of  the  hybridoma  calls.  It-6  activity  detected  in  super¬ 
natants  of  LP$-stimulated  monocytes  and  in  plasma  was  completely  abolished  by 
the  addition  of  lOfjg  rabbit  polyclonal  anti-human  IL-6  antibodies  (Cenzyme 
Corp. #  Boston#  HA). 


KZSVLT9 

Binding  of  HA-IA  and  B5  to  ^H-LP8 

At  a  concentration  of  200  ug/ml#  HA-IA  consistently  bound  slightly  mors 
radiolabeled  LPS  in  comparison  to  controls  (Tabla  1).  In  tt#o  instances  <g.  coll 
Ol  and  g.  coll  02)  substantial  quantities  of  radiolabeled  LPS  were  bound  by  HA- 


lA,  but  these  strains  were  bound  considerably  by  control  polyclonal  human  and 
mouse  I9H/HSA  as  well.  In  contrast,  there  was  little  or  no  difference  in  the 
amount  of  LPS  bound  by  ES  compared  to  controls  (Table  1).  We  varied  the  con> 
centration  of  monoclonal  antibodies  in  order  to  compare  binding  with  the  O- 
specific  IgG  antibody  and  to  see  if  higher  concentration  of  anti-lipid  A  Mabs 
would  be  more  efficient  at  binding.  These  results  are  shown  in  figure  1.  At 
very  high  concentrations  (1.6  mg/ml),  ES  bound  up  to  30%  of  the  LPS  from  certain 
strains,  which  was  slightly  higher  than  the  polyclonal  IgM  control  in  this 
series  of  experiments,  while  HA-IA  bound  somewhat  less.  As  expected,  the  0- 
specifie  IgG  monoclonal  antibody  bound  homologous  LPS  efficiently  at  low  con¬ 
centrations  (half-maximal  binding  at  S-10  ug/ml). 

Meutraliaation  of  LPS  as  asaessed  by  Lieulus  Ivsate 

A  representative  experiment  assessing  the  ability  of  HA-IA  and  ES  to 
neutralize  LPS  in  the  Limuius  lysate  assay  is  shown  in  Pigure  2  using  LPS  from 
rough  mutant  E.  eoli  JS.  Neither  antibody  inhibited  the  activity  of  LPS  over  a 
wide  range  of  LPS  concentrations.  In  additional  experiments  (not  shown)  LPS 
from  smooth  strains  E.  coli  OiS,  E.  coll  0113,  and  E.  coli  0111:84  and  rough 
strain  W.  meninoitidis  were  tested.  No  neutralization  of  LPS  by  either 
monoclonal  antibody  was  observed.  Each  experiment  was  repeated  three  times  for 
each  LPS  and  each  antibody. 


Neutralization  of  LPS  as  xzsessed  bv  solenoCTte  eitooeDic  assay 

LPS  from  smooth  strains  E.  coli  018  and  E.  coli  0113,  and  rough  strains  E. 
eoli  JS  and  W.  meninoitidis  were  tested.  Neither  HA-IA  or  ES  inhibited  the 
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activity  of  any  of  the  LPS  teated  for  mitogenicity.  In  contract,  polymyxin  B 
abrogated  the  mitogenic  effects  of  tPS  over  a  wide  range  of  LPS  concentrations. 

A  representative  experiment  is  shown  in  figure  3.  Each  experiment  was  performed 
three  times  for  each  anti>llpid  A  antibody. 


Keutra Illation  of  LPS  as  assessed  by  Induction  of  cytokines  from  monocytes 

In  this  series  of  experiments,  dilutions  of  LPS  were  preincubated  with  dif¬ 
fering  concentrations  of  HA-IA  and  ES  and  then  exposed  to  cultured  human 
monocytes  or  incubated  in  whole  blood.  The  induction  of  TNP,  IL-1,  and  IL-6  by 
these  mixtures  were  then  assessed  as  described  in  Methods.  LPS  from  smooth 
strains  E  coli  0111:34  and  E.  coll  018  and  rough  strains  E.  coli  K12,031m4 
E.  coli  J5,  and  H.  meningitidis  were  tested.  HA-IA  and  B$  had  no  sig¬ 
nificant  effect  on  the  induction  of  TNF,  IL-1,  or  IL-6  in  the  two  types  of  assay 
system.  Representative  experiments  for  KA-IA  for  the  adherent  cell  system  (n»S) 
and  the  whole  blood  system  (n«7)  are  shown  in  figures  4  and  S  respectively. 
Respresentative  experiments  for  ES  (n*2,  adherent  cells;  n«4,  whole  blood)  are 
shown  in  fig.  6. 


BliSVSStPH 

These  studies  demonstrate  that  anti-lipid  A  monoclonal  antibodies  HA-IA  and 
ES  bind  only  weakly  to  LPS  from  multiple  clinically  relevant  smooth  gram 
negative  bacteria,  and  are  unable  to  neutralize  the  biological  effects  of  LPS  in 
several  in  vitro  assays.  Our  findings  do  not  support  the  hypothesis  that  either 
of  these  antibodies  is  able  to  protect  patients  with  gram  negative  sepsis  by 
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binding  to  lipid  A  tnd  blocking  tho  toxic  offoi.t*  of  •ndotoxin  in  th«  blood- 
•trcam. 

Each  of  these  monoclonal  antibodies  have  been  described  to  bind  to  lipid  A 
and  LPS  as  assessed  by  ELISA  (15,41),  although  a  more  recent  abstract  suggested 
that  HA-IA  binds  only  slightly  to  smooth  LPS  using  this  technique  (42).  Since 
solid  phase  assays  using  LPS  are  difficult  to  interpret  because  of  non-specific 
binding  to  che  solid  phase  matrix,  we  utilized  a  fluid-phase  radioimmunoassay  to 
measure  antibody-LPS  binding.  We  found  that  both  HA-lA  and  BS  bound  to 
radiolabeled  smooth  LPS  compared  to  irrelevant  IgH  controls,  but  that  it  was 
necessary  to  utilize  very  high  concentrations  of  IgH  to  see  the  effect.  We  wera 
unable  to  achieve  half-maximal  binding  of  any  of  the  bacterial  strains  tested 
even  with  1.6  mg/ml  HA-IA  or  ES,  whereas  half-maximal  binding  of  E.  coli  0111iB4 
LPS  was  achieved  at  5-10  ug/ml  of  an  IgC  monoclonal  antibody  specific  for  the  0- 
polysaccharide  of  this  LPS.  The  radioimmunoassay  that  we  utilized  was  initially 
described  by  Parr  (34),  and  depends  upon  the  precipitation  of  antigen-antibody 
complexes  in  SC%  ammonium  sulfate  while  free  antigen  remains  in  solution.  We 
were  not  able  to  assess  binding  of  either  antibody  to  rough  LPS  from  E.  coli  JS 
because  we  found  that  greater  than  90%  of  thib  LPS  is  precipitated  by  50% 
anwnonLuffl  sulfate.  Since  high  concentrations  of  HA-IA  and  E5  were  needed  to 
precipitate  LPS,  we  cannot  exclude  the  possibility  that  some  or  all  of  the 
binding  that  we  measured  at  high  antibody  concentrations  is  non-specific.  It  has 
been  suggested  that  anti-core  glycol Ipid  antibodies  may  interact  with  LPS  in  a 
non-specific  manner  through  hydrophobic  interactions  (43).  Indeed,  we  found 
that  some  of  the  control  antibody  preparations  bound  appreciable  quantities  of 
LPS  at  high  concentrations. 


There  is  no  previouoly  published  information  on  the  ability  of  these  two 
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■nti'lipid  A  antibodies  to  neutralito  tho  biological  of foots  of  LPS.  Ho  invos- 
tigatod  tho  ability  of  tho  Mabs  to  inhibit  LPS>indueod  activation  in  tho  Lianilus 
lysato  assay  and  prolifaration  of  siurino  splonocytos.  Lipid  A  plays  a  najor 
rolo  in  each  of  thoso  assays  (44).  tn  addition*  wo  studiod  tho  capacity  of  tho 
Mabs  to  provont  LPS-inducod  monocyto  production  of  IL*1,  IL*6*  and  TNP.  lL-1 
and  TNP  aro  fait  to  bo  important  in  tho  pathogonosia  of  soptic  shoe)c  (4S-S0)* 
and  plasma  lovols  of  TNP  and  XL^6  havo  boon  roportod  to  corrolato  with  tho 
outcomo  of  pationts  with  sopsia  (Sl-54).  Noithor  HA>1A  or  IS  was  ablo  to 
noutralizo  tho  offsets  of  LPS  in  any  of  tho  assays  wo  utilizod*  ovon  whon  tho 
antibodias  wars  proincubatod  in  oxcoss  with  LPS  from  rough  bactorial  strains. 

Our  rosults  nood  to  bo  viowod  with  somo  caution.  All  of  tho  oxporimonts 
woro  porformod  with  LPS  that  had  boon  oxtractod  chomieally.  It  is  possiblo  that 
tho  monoclonal  antibodies  would  bind  bettor  to  bacterial  mombrano  fragments. 
Aocantly*  data  havo  boon  prosontod  in  abstract  form  that  HA-IA  binds  to  gram 
nogativo  bacteria  that  have  boon  previously  treated  with  antibiotics  that  aro 
active  against  tho  bactorial  coll  wall  (43).  In  addition*  it  is  possiblo  that  wo 
would  have  found  more  binding  or  somo  neutralization  if  wo  had  used  oven  higher 
concentrations  of  antibody  in  our  assays.  Novortholoss*  tho  coneontrationo  used 
in  tho  binding  assay  aro  greater  than  physiologic*  and  tho  ratio  of  antibody  to 
LPS  in  tho  neutralization  assays  that  wo  used  for  tho  LAL*  nitogonie  assay*  and 
cytokine  assays  wore  10^*  10^*  and  10^  by  weight.  Although  molar  ratios  would 
havo  approximately  9Q-fold  loss  than  this  based  on  an  ostimatod  LPS  and  IgM 
molecular  weights  of  10*000  and  900*000*  thoso  ratios  should  havo  boon  more  than 
adoguato  to  see  some  svidsneo  of  noutralization*  especially  given  that  each 
antibody  is  pontamorie.  Since  there  aro  likely  many  mediators  that  contribute 
to  tho  septic  syndrome*  it  is  also  possiblo  that  tho  weak  binding  that  wo 
detected  could  affect  mediators  of  sopsio  other  than  tho  cytokinoa  wo  measured* 
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«nd  thereby  exert  •  protective  effect,  rinelly,  the  binding  thet  we  detected 
could  leed  to  protection  by  mechenleme  other  then  neutrelltetlon,  euch  ee  by 
Increeelng  the  eleerence  of  LPS. 

Since  BS  end  HA-IA  «My  be  utlllted  ellnicelly  on  e  wldeepreed  beele, 
further  work  ehould  be  done  on  their  eechenle«(e)  of  ectlen.  Thie  knowledge 
could  leed  to  the  development  of  en  in  vitro  teet  thet  eorreletee  with  pro> 
tectlve  efflcecy  end  eight  Indlcete  which  petlente  would  eoet  benefit  froe  theee 
expenelve  egente. 
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Wiguf  1.  Binding  of  HA-IA  (loft  ponol)  and  BS  (right  panol)  to  S  ug/ml  LPS  fron 
•ovoral  amooth  gram  nogativo  atraino  ao  a  function  of  concentration.  Background 
wao  aubtractod  from  aaeh  point  on  tha  curvaa,  and  each  curve  la  the  mean  of  two 
axporimanto.  Symbola  are  aa  followat  HA-IA  and  B5-  aolid  aymbola,  aolid  linaa; 
HSA  control  (left  panel)  and  murine  ZgM  control  (right  panel)-  open  aymbola, 
daohed  lineei  I.  coli  04-  trlangleai  B.  cell  02S-  circleo;  B.  coll  075-  aguarea; 
B.  coli  0111iB4-  inverted  trianglea.  A  aingla  experiment  ahowing  binding  of  an 
IgO  monoclonal  antibody  directed  to  the  0-polyaaccharlde  of  B.  coli  OllliB4  to 
the  homologoua  LPS  ia  alao  ahown  for  compariaon  in  each  panel  (inverted 
triangle,  dotted  linee.  Thia  antibody  did  not  bind  to  LPS  from  other  atraina. 

Pigure  7.  Bffect  of  HA-IA  (left)  and  BS  (right)  on  LPS-indueed  activation  of 
Limulua  amoebocyte  lyaate.  Bach  monoclonal  antibody  waa  preincubated  with  the 
indicated  concent r at iona  of  LPS  from  B.  coli  JS  before  incubation  with  Limulua 
lyaate.  Optical  denaity  of  reaction  waa  meaaured  after  1  hour. 

Pigure  3.  Bffect  of  KA-IA  (left)  and  BS  (right)  on  LPS-induced  mitogenic 
activity  on  aplenocytea.  Welle  contained  indicated  amounta  of  LPS  from  B.  cell 
018  and  3S  ug  antibody  or  7  ug  polymyxin  B  or  PBS. 

Pigure  4.  Bffect  of  HA-IA  on  LPS-induced  atimulation  of  TWPo,  cell-aaaociated 
IL-lct,  and  XL-10  from  adherent  human  monocytea.  HA-IA  had  no  effect  on  LPS- 
induced  Stimulation  of  XL-4  in  thia  or  ether  experiments.  Welle  contained 
indicated  amounts,  of  antibody  and  LPS  or  1  ug  polymyxin  B. 
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rifur*  5.  Effect  of  KA-IA  on  LPS>induc«d  atlmuletlon  of  TNPa,  IL-IA,  and  XI.-6  in 
whole  blood  aaaay.  Walla  contained  indicated  amounta  of  antibody  and  LPS  or  1 
U9  polymyxin  B. 

figure  i*  Effect  of  ES  on  LPS-induced  atimulation  of  TNPa  and  IL-IA  from 
adherent  human  monocytea  (panela  labeled  A),  and  in  whole  blood  aaaay  (panela 
labeled  B).  Welle  contained  Indicated  amounta  of  antibody  and  LPS  or  1  ug 
polymyxin  B. 
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Table  1:  Percentage  of  *H-LPS  bound  by  different 

Immunoglobulin  preparations  at  200Mg/ml^ 
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M$/NU 

«nti-e.  cod 
0111:14/ 
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6o(yelona( 
N  u  «  a  n 
IgN/HM 

t.  eoU  01 
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1.5  ♦  0.7 

0.7*  2.1 

t.  COM  <» 

3.5  *  3.5 

1.0  *  0.0 

42.0*  18.3 

colt  M 

2.5  •  1.2 

2.0  ♦  1.4 

5.0  ♦  0.0 

L,  tt.»i  0* 

1.2  ♦  0.* 
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L_£2U  0? 
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1.5  ♦  0.7 

Ll^9.U  08 

1.8  ♦  1.1 

1.0  *  0.0 
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'^C*ch  valut  represents  man  *t‘  standard  deviation. 
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ABSTRACT 


Monoclonal  antibodies  directed  to  endotoxin  can  protect  in  some 
animal  models  against  the  pathophysiological  effects  of  endotoxin  in¬ 
fusion.  When  0.02  Mg/hg  of  lipopolysaccharide  (LPS}derived  from  E.coli 
0111  :B4  was  incubated  in  vitro  for  2  hours  with  the  murine  IgG 
monoclonal  antibody  (MAb) ,  SBIO,  directed  against  the  0-polysaccharide 
antigenic  domain  of  E.coli  0111 :B4,  and  then  the  mixture  was  infused 
into  sheep,  we  noted  significant  protection.  The  initial  temperature 
peak  was  decreased  (p<0.001  vs  LPS  control),  and  both  the  second 
temperature  peak  and  leukopenia  were  abolished.  The  pulmonary  artery 
pressure  (PAP)  elevation  was  diminished  (mean  peak  PAP  23.2  ±  2.5 
mmHg,  p<0.05  vs  LPS  control)  and  the  peak  plasma  thromboxane  Bj  (TxBj) 
level  was  reduced  (mean  peak  TXB2  level  0.50  1  0.15  ng/ml,  p<0.05  vs 
LPS  control) .  In  contrast,  preincubation  of  the  LPS  with  a  human  IgM 
MAb,  HA-IA,  directed  against  the  core  glycolipid  of  the  LPS  molecule 
prov'^ided  only  a  minor  protective  effect  on  core  temperature  increase, 
but  nc  reduction  of  the  increase  of  plasma  TxBj  or  PAP. 


INTRODUCTION 


Despite  improvements  of  antibiotic  and  supportive  therapy,  gram¬ 
negative  bacterial  sepsis  remains  a  common  and  lethal  condition  with 
high  mortality  rate  in  critically  ill  patients  (4,23).  The  complica¬ 
tions  of  sepsis,  including  shock  and  the  adult  respiratory  distress 
syndrome,  produce  death  in  over  SO  percent  of  septic  patients  (9,15). 
lipopolysaccharide  (LPS,  endotoxin),  a  component  of  the  Gram-negative 
bacteria  cell  wall,  is  believed  to  be  causally  related  to  the  develop 
ment  of  ARDS  and  the  high  mortality  of  the  sepsis  syndrome  (6,28,34). 
Consequently  strategies  to  treat  or  prevent  Gram-negative  sepsis  have 
focused  upon  neutralizing  this  toxic  molecule.  The  immunotherapy  of 
endotoxemia  has  been  studied  for  over  20  years.  Anti-endotoxin 
antibodies  have  been  examined  for  the  neutralization  of  LPS  with  con¬ 
flicting  results.  Although  a  recent  multicenter  clinical  trial  of  an 
anti-lipid  A  human  monoclonal  antibody  (MAb) ,  HA-IA,  in  patients  with 
Gram-negative  sepsis  and  septic  shock  demonstrated  a  39%  decreased 
mortality  in  the  treated  group  (36) ,  other  studies  have  not  confirmed 
the  protective  effects  afforded  by  antibodies  directed  to  the  core 
region  of  LPS  (2,11,32).  Antibodies  directed  to  the  core  glycolipid 
will  probably  be  used  clinically  for  the  treatment  of  Gram-negative 
sepsis  patients,  although  the  protective  effects  of  individual 
antibodies  remain  controversial. 

In  order  to  evaluate  the  protective  effects  of  the  human 
monoclonal  anti-lipid  A  antibody  HA-IA,  we  compared  the  protective  ef 
fects  on  pulmonary  hemodynamics,  mediator  release,  core  temperature 
and  circulating  leukocyte  concentration  of  HA-IA  with  a  murine  IgG 


monoclonal  antibody  directed  to  the  0  polysaccharide  of  LPS  (5B10)  In 
awake  sheep. 


METHODS  AND  MEASUREMENTS 


SHEEP  PREPARATION 

Twenty  two  healthy  Suffolk  sheep  weighing  25>35  kg  were  studied. 
This  study  was  approved  by  the  Massachusetts  General  Hospital  Sub- 
coimnitte  on  Animal  Care  and  Research.  Sheep  with  evidence  of  an  infec¬ 
tion  on  any  study  day  were  excluded.  The  criteria  for  infection  were 
described  previously  (33).  No  animals  in  this  study  had  undergone 
prior  experimentation.  The  sheep  were  studied  awake  in  a  Babraham 
veterinary  cage  with  free  access  to  food  and  water. 

At  the  start  of  each  experiment,  after  2%  xylocaine  infiltration 
anesthesia,  an  8-Fr.  introducer  (Cordis  Co.  Miami,  FL)  was  inserted 
into  the  jugular  vein.  A  sterile  7-Fr.  flow-directed  thermodilution 
catheter  (American  Edwards  93A-131H-7F,  Santa  Ana,  CA)  was  advanced 
into  the  pulmonary  artery  through  the  introducer  to  monitor  central 
pressures  and  core  temperature. 

Pulmonary  hemodynamic  values  including  the  pulmonary  artery  pres¬ 
sure  (PAP)  and  pulmonary  capillary  wedge  pressure  (PCWP)  were  measured 
with  a  calibrated  pressure  transducer  (Hewlett-Packard  1280C,  Palo 
Alto,  CA)  that  was  leveled  to  the  front  shoulder  as  a  reference  for 
the  right  atrium,  and  recorded  continuously  with  a  four-channel  re¬ 
corder  (Hewlett-Packard  7754B,  Palo  Alto,  CA) .  Cardiac  output  (CO)  was 
determined  as  the  mean  of  three  measurements  by  thermodilution,  in¬ 
jecting  5  ml  of  0*C  Ringer's  lactate  solution  through  the  proximal 
port  of  the  pulmonary  artery  catheter.  CO  was  calculated  by  a  cardiac 
output  computer  (American  Edwards  Laboratories,  model  9520A,  Irvine, 
CA) .  Blood  samples  and  measurements  of  mean  PAP,  PCWP  and  CO  were 


taken  at  15-minute  intervals  for  the  first  90  minutes  and  subsequently 
at  30-mlnute  intervals.  PAP  was  taken  as  an  electrical  mean  and  PCWP 
was  measured  at  end  expiration.  The  pulmonary  vascular  resistance 
(PVR)  was  calculated  as  (PAP-PCWP)/CO. 

Blood  samples  were  withdrawn  through  the  proximal  port  of  the 
pulmonary  artery  catheter  into  plastic  syringes.  The  samples  were 
transferred  into  glass  tubes  containing  0.05  ml  of  a  15%  solution  of 
EDTA  and  20  nq  of  indomethacln;  40  nl  of  blood  was  removed  for  a 
leukocyte  count  measured  by  a  Coulter  Counter  (Model  ZF,  Coulter  Elec¬ 
trics,  Hialeah,  FL) .  The  remainder  of  the  sample  was  immediately 
placed  on  ice  and  centrifuged  (Oamon/IEC,  model  PR-6000)  at  1250g  and 
4"C  for  10  minutes.  The  supernatant  was  pipetted  into  polypropylene 
tubes  and  stored  at  -20*‘C.  The  plasma  thromboxane  B2  (TXB2)  level  was 
determined  by  radioimmunoassay  using  an  anti-thromboxane  B2  antibody 
with  methods  previously  described  (1,19). 


ENDOTOXIN  PREPARATION 

Escherichia  coli  0111 ;B4  endotoxin  (List  Biologicals,  Campbell, 
CA)  was  used  for  the  experiments.  The  lyophilized  LPS  of  a  single 
batch  (5  mg/vial)  was  reconstituted  with  sterile  nonpyrogenic  water 
and  diluted  to  produce  a  stock  solution  of  20  nq/ml,  which  was  stored 
at  4”C.  At  the  beginning  of  each  experiment,  the  stock  solution  was 
throughly  vortexed  and  appropriately  diluted  for  injection  using 
sterile,  endotoxin-free  pipette  tips  (National  Scientific  Supply  Com¬ 
pany,  Inc.  San  Rafael,  CA) ,  polystyrene  tubes  (Falcon,  Becton  Dick¬ 
inson,  Lincoln  Park,  NJ) ,  and  saline. 


ANTIENDOTOXIN  ANTIBODY 


The  monoclonal  antiendotoxin  antibodies  used  in  these  experiments 
were  obtained  from  Centocor,  Malvern,  PA.  The  human  monoclonal 
antibody  (HAb) ,  HA-’IA,  is  an  IgM  antibody  that  binds  to  the  lipid  A 
domain  of  endotoxin  and  is  produced  by  the  stable  heteromyeloma  cell 
line  A6(H4C5) (29) .  HA-IA  was  provided  as  a  5  mg/ml  solution  in  5%  hu¬ 
man  serum  albumin  (HSA) .  The  murine  HAb,  SBIO  belongs  to  the  IgG2a 
subclass  and  specifically  reacts  in  vitro  with  E.coli  0111 :B4  bacteria 
and  its  LPS  antigen  (7) .  This  antibody  was  provided  as  a  solution  con¬ 
taining  1.75  mg  protein/ml  in  a  buffered  solution.  Both  antibodies 
were  stored  at  4*C,  and  were  immediately  diluted  with  sterile  saline 
and  preincubated  with  LPS  before  each  experiment. 


EXPERIMENTAL  PROTOCOL 


Sheep  were  randomly  divided  into  four  groups.  Six  sheep  were 
challenged  with  0.02  fig/kq  of  E.coli  0111:B4  LPS  without  any  antibody. 
Six  sheep  received  an  intravenous  infusion  of  an  in  vitro  incubated 
mixture  of  0.02  ng/kq  E.coli  0111 :B4  LPS  and  0.02  mg/kg  HA-IA.  Six 
sheep  received  an  in  vitro  incubated  mixture  of  0.02  /xg/kg  E.coli 
0111 :B4  and2  mg/kg  5B10  intravenously.  Four  sheep  received  an  Infusion 
of  0.02  mg/kg  of  5B10  without  an  LPS  challenge.  Since  the  HAb  HA-IA 
was  provided  in  5%  HSA,  we  added  HSA  to  the  5B10  and  LPS  control  in¬ 
cubated  mixtures.  Each  mixture  was  incubated  at  37 *C  for  2  hours  in  a 
water  bath  with  continuous  shaking.  The  mixture  was  vortexed  every  15 


to  20  minutes  during  incubation.  Then  the  mixture  was  intravenously 
infused  into  the  sheep  over  5  minutes  beginning  at  time  zero. 


STATISTICAL  ANALYSIS 


/ 

/ 


All  data  were  stored  in  an  IBM  PC/AT  computer.  Mean  values  and 
standard  errors  of  hematological,  biochemical  and  physiological  values 
were  calculated  and  reported.  Data  were  averaged  over  time  and  com¬ 
pared  with  the  baseline  by  paired  t-tests.  Temperature,  hematological, 
and  hemodynamic  data  were  statistically  compared  over  time  as  well  as 
between  treatment  groups  using  analysis  of  variance  for  repeated 
measures  (SAS  version  6,  SAS  Institute,  Cary,  NC) .  Plasma  TXB2  data 
were  statistically  analyzed  after  a  logarithmic  transformation.  A 
value  of  p<0.05  was  considered  to  be  significant. 


/ 

/ 


RESULTS 


The  alterations  of  core  tenperature,  leukocyte  concentration, 
pulmonary  artery  pressure,  and  pulmonary  vascular  resistance  before 
and  up  to  4  hours  after  challenge  in  all  four  groups  are  presented  in 
figure  1.  Plasma  TxB^  concentration  is  displayed  for  these  four  groups 
in  figure  2.  In  order  to  confirm  that  there  was  no  contamination  of 
our  solutions  by  LPS,  HAIA  and  HSA  were  each  infused  alone  into  two 
sheep.  There  were  no  physiological  or  hematological  changes  observed 
(data  not  shown) .  The  incubated  mixture  of  HAb: 5B10  and  HSA  was  in¬ 
fused  into  four  sheep  (see  figure  1  and  2) 

LPS  control  group;  After  challenge  there  was  an  ea.'ly  core 
temperature  elevation  occurring  from  45  to  75  minutes,  reaching  a 
first  peak  (+1.30  ±  0.20*C)  at  60  minutes  after  starting  infusion  of 
the  preincubated  mixture  of  LPS  and  HSA  (see  figure  1) .  A  delayed  sec¬ 
ond  temperature  peak  (+1.34  ±  0.25*C)  was  measured  at  150  minutes. 

Both  temperature  elevations  persisted  from  45  to  240  minutes  after 
challenge.  A  significant  reduction  of  HBC  (mean  maximum  reduction  - 
2,568  ±  1025  HBC/mm^)  lasted  from  60  to  240  minutes.  The  PAP  was 
elevated  from  15  to  45  minutes  and  at  120,  150  and  240  minutes.  The 
PVR  was  increased  between  30  and  60  minutes.  The  plasma  TXB2  con¬ 
centration  increased  at  30  minutes  and  reached  a  mean  peak  level  of 
2.51  ±  0.73  ng/ml  at  60  minutes  (see  figure  2). 

LPS  +  SBIO;  A  single  peak  of  elevated  core  temperature  occurred 
from  75  to  90  minutes  and  the  maximum  mean  temperature  elevation 
(+0.67  1  0.18*C)  was  significantly  decreased  (p<0.001)  as  compared 
with  the  LPS  control  and  the  LPS  +  HA-IA  groups.  The  second  tempera- 


ture  elevation  did  not  occur.  Only  a  minor  but  significant  leuJcocyte 
decrease  was  measured  at  75  minutes,  however  a  leukocytosis  occurred 
from  ISO  to  240  minutes.  The  PAP  and  PVR  increase  were  significantly 
attenuated.  There  was  no  significant  increase  of  plasma  TxB^. 

LPS  4-  HA-IA!  After  the  infusion  of  this  preincubated  mixture,  the 
core  temperature  was  elevated  from  45  to  75  minutes  and  reached  the 
first  peak  (>1.22  1  0.08*C)  at  60  minutes,  the  delayed  temperature 
elevation  was  decreased  (p<0.05)  when  compared  with  the  LPS  control 
group.  A  transient  leukopenia  was  measured  from  45  to  90  minutes,  the 
value  returning  to  the  baseline  level  by  120  minutes.  The  PAP  and  PVR 
were  increased  from  30  to  60  minutes.  The  plasma  TXB2  level  was  in¬ 
creased  at  30  minutes  and  there  was  no  significant  difference  when 
compared  with  the  LPS  control  group. 


DISCUSSION 


The  aajor  findings  of  this  study  are:  1)  When  the  0- 
polysacchar'de  specific  nurine  nonoclonal  antibody  (5B10) ,  was  in¬ 
cubated  in  vitro  for  two  hours  with  E.coli  0111:B4  LPS  and  then  in¬ 
fused  into  awake  sheep,  it  moderated  the  release  of  thromboxane  and 
the  subsequent  pulmonary  vasoconstriction  and  hypertension  as  well  as 
the  febrile  response  and  leukopenia;  2)  in-vitro  incubation  for  2 
hours  of  the  same  dose  of  LPS  with  a  human  monoclonal  anti-lipid  A 
antibody  (HA-IA)  had  only  minor  effects  on  the  response  to  infusion  of 
this  mixture  as  measured  by  a  decreased  febrile  response  with  a  single 
temperature  peak  and  a  briefer  leukopenia.  However  there  was  no  reduc¬ 
tion  of  the  plasma  TxB^  increase,  pulmonary  vasoconstriction  or  pul¬ 
monary  artery  hypertension  as  compared  to  the  control. 

The  pathophysiology  of  Gram-negative  sepsis  is  incompletely  un¬ 
derstood.  Clinical  and  experimental  studies  have  demonstrated  that  in¬ 
fusion  of  LPS  mimics  the  toxic  effects  of  Gram-negative  sepsis 
(5,14,22,25).  Consequently,  strategies  to  treat  or  prevent  Gram¬ 
negative  sepsis  have  focused  upon  neutralizing  LPS.  Anti-endotoxin 
antibodies  have  been  studied  for  neutralization  in  various  animal 
models  with  conflicting  results.  0-specific  monoclonal  antibodies  pro¬ 
tect  animals  from  challenge  with  homologous  but  not  heterologous  bac¬ 
terial  strains  (7,8,16),  so  their  clinical  use  is  limited.  Because  the 
core-lipid  A  region  of  LPS  represents  a  common  structure  and  antigen 
in  many  Gram-negative  bacteria,  antibodies  against  core-lipid  A  of  the 
LPS  molecule  have  been  extensively  studied  in  patients  and  animal 


models. 


since  the  cardiovascular  system  of  sheep  responds  to  endotoxin 
infusion  in  a  similar  fashion  to  humans  and  because  low  doses  of 
endotoxin  produce  significant  mediator,  hematological  and  pulmonary 
hemodynamic  responses  in  awake  sheep  (33),  we  chose  this  endotoxemia 
model  for  our  study.  Since  the  protective  effects  of  antisera  or 
antibodies  to  endotoxin  may  be  overcome  by  large  challenging  LPS 
doses,  only  a  small  dose  of  LPS  was  infused  in  this  preincubation 
study.  Intravenous  infusion  of  E.  coli  0111:84  LPS  at  0.02  ng/kq  body 
weight,  reliably  induces  TXB2  release  and  physiologically  important 
acute  pulmonary  vasoconstriction  and  hypertension,  as  well  as  the  sys¬ 
temic  effects  of  a  biphasic  febrile  response  and  leukopenia  in  awake 
sheep.  This  dose  of  LPS  is  on  the  steep  portion  of  a  dose-response 
curve  for  these  p£.raineters  (33). 

In  vitro  incubation  of  the  anti-lipid  A  antibody  (HA-IA)  with  LPS 
did  not  attenuate  thromboxane  release  and  the  pulmonary  hemodynamic 
responses  to  LPS  infusion  in  awake  sheep,  but  did  inhibit  the  second 
peak  of  temperature  elevation  and  reduce  the  duration  of  the 
leukopenia.  We  were  unable  to  demonstrate  protective  effects  of  the 
anti-lipid  A  antibody  (HA-IA)  on  the  pulmonary  circulation.  It  should 
be  noted  that  incubation  of  LPS  with  the  0-specific  antibody  (5810) 
also  did  not  totally  blunt  the  pulmonary  and  systemic  response  to  in¬ 
fusion  of  this  mixture  into  awake  sheep,  although  significant  at¬ 
tenuation  did  occur. 

To  allow  each  antibody  a  sufficient  time  to  neutralize  the  LPS, 
we  chose  the  technique  of  incubating  the  antibody  for  two  hours  with 
LPS  before  infusing  the  mixture  into  sheep.  During  incubation  we  added 
a  1,000  fold  excess  of  antibody  to  LPS  by  weight.  Despite  our  attempts 


to  enhance  antibody  neutralization  of  LPS,  ve  failed  to  demonstrate  a 
significant  protective  effect  of  the  anti-lipid  A  antibody  on  the  pul¬ 
monary  circulation.  Several  factors  may  be  responsible  for  this  fail¬ 
ure  of  the  MAb  HA-lA  to  neutralize  LPS.  The  complexity  of  the  LPS 
molecule  is  one  factor.  Although  it  is  widely  believed  that  lipid  A  is 
the  toxic  portion  of  the  LPS  molecule  (24),  other  studies  reported 
that  other  endotoxin  components  nay  also  contribute  to  the  toxic  reac¬ 
tion,  perhaps  by  activating  monocytes  and  macrophages  releasing 
cytokines  (12,17).  It  is  thus  possible  that  other  components  of  LPS 
may  also  participate  in  producing  the  septic  response.  Alternatively, 
another  possible  explanation  of  our  failure  to  protect  the  pulmonary 
circulation  is  related  to  the  structure  of  smooth  LPS.  The  0-side 
chain  and  core  oligosaccharides  of  LPS  may  restrict  the  access  of  the 
antibody  to  epitopes  in  the  core  region  of  the  LPS  molecule  in  vitro. 
Gigliotti  and  Shenep  reported  that  monoclonal  antibodies  directed  to 
lipid  A  were  unable  to  bind  to  intact  smooth  strains  of  E.  coli  (10). 
Nys  et  al.  demonstrated  that  anticore  antibodies  can  protect  mice 
against  lethal  challenge  with  smooth  LPS,  but  they  di5  not  observe  any 
serologic  reactivity  of  anticore  antibodies  with  smooth  LPS  in  vitro 
(21). 

Dunn  et  al.  studied  the  specific  MAb  5B10  and  another  IgG  anti¬ 
lipid  A  antibody  and  reported  that  the  specific  antibody  produced 
greater  protective  effects  than  the  anti-lipid  A  antibo>iy.  In  that 
study  a  very  large  dose  of  anti-lipid  A  antibody  was  needed  to  produce 
the  same  protective  effects  as  the  specific  antibody  (8) .  In  our 
study,  the  same  1,000  fold  excess  dose  of  the  anti-lipid  A  antibody 
HA-IA  did  not  prevent  thromboxane  release  and  pulmonary  vasoconstric- 


tion  due  to  infusion  of  this  LPS  mixture  while  an  equal  amount  of  the 
specific  antibody  SBIO  afforded  considerable  protection.  Possibly,  an 
even  larger  dose  of  anti-lipid  A  antibody  would  be  needed  to  produce  a 
protective  effect  on  the  pulmonary  circulation. 

Although  some  studies  have  demonstrated  the  cross>protective  ef¬ 
fects  against  LPS  afforded  by  polyclonal  antibodies  or  monoclonal 
antibody  against  the  core  region  of  LPS  (18,20,27,35),  other  studies 
do  not  demonstrate  cross-protection  (2,11).  Recently  Wheeler  et  al. 
reported  that  pretreatment  of  sheep  with  a  murine  anti-lipid  A  TqM  HAb 
(2mg/kg)  only  moderated  the  early  PAP  rise  after  subsequently  in¬ 
travenous  injection  of  LPS:E.coli  055:B5  at  a  dose  of  0.75  Mg/Jcg  (32). 
They  also  noted  that  incubating  the  MAb  with  0.75  ng/)^g  of  LPS  for  30 
minutes  before  injection  in  a  weight  ratio  of  2,000  fold  MAb  excess, 
significantly  blunted  the  increase  of  PAP;  however,  no  other  measured 
variable  (lung  mechanics,  gas  exchange,  lung  lymph  flow  rate  and  cir¬ 
culating  WBC  counts)  was  moderated  by  incubation  with  the  MAb.  In  an 
in  vitro  limulus  lysate  assay,  incubation  of  LPS  with  this  HAb  in 
molar  ratio  from  1:10^  to  1:10^  did  not  reduce  LPS-induced  limulus  ac¬ 
tivation  (32).  These  studies  suggested  that  this  anti-endoto^in  MAb 
did  not  effectively  neutralize  the  effects  of  E.coli  endotoxin  in  the 
sheep. 

Warren  et  al.  studied  the  neutralization  of  LPS  by  rabbit 
antisera,  and  reported  that  neutralization  of  homologous  LPS  was  only 
partly  mediated  by  immunoglobulin.  Antisera  to  rough  mutant  bacteria 
neutralized  heterologous  LPS  slowly  and  in  a  manner  unrelated  to  the 
concentration  of  antibody  (31).  Siber  et  al.  were  unable  to  detect 
cross  reactive  antibodies  in  polyclonal  antisera  to  rough  mutants,  and 


suggested  that  the  protective  effects  of  antisera  to  mutant  bacteria 
may  be  in  part  related  to  a  polyclonal  antibody  response  (26) .  Their 
results  were  recently  confirmed  by  Heumann  et  al.  and  Baumgartner  et 
al.  using  htunan  antisera  (3,13). 

It  is  unclear  why  the  specific  antibody  5B10  did  not  completely 
blunt  the  response  to  LPS  in  our  study.  The  sheep  has  abundant  pul¬ 
monary  intravascular  macrophages  and  is  one  of  the  most  sensitive 
animals  to  LPS  (30).  Perhaps  tiny  amounts  of  free  LPS  or  complexes  of 
LPS  with  MAb  can  activate  these  macrophages  and  other  inflammatory 
cells  to  release  mediators,  leading  to  lung  injury  and  systemic 
responses  to  endotoxemia. 

In  our  study,  we  compared  the  protective  effects  of  a  specific 
MAb  and  an  anti-lipid  A  MAb  on  the  pulmonary  circulation  of  awake 
sheep  by  infusing  of  an  in  vitro  incubated  mixture  of  antibody  with 
E.coli  0111 :B4  LPS.  We  failed  to  demonstrate  a  pulmonary  protective 
effect  of  the  anti-lipid  A  antibody  HA-IA.  In  contrast,  incubation 
with  the  specific  antibody  5B10,  directed  against  the  0-side  chain  of 
E.coli  0111 :B4  LPS  markedly  attenuated  the  increase  of  plasma  throm¬ 
boxane  Bj  as  well  as  the  pulmonary  vasoconstriction  and  hypertension 
and  inhibited  the  febrile  response  of  awake  sheep.  Although  several 
potential  reasons  may  explain  the  failure  of  the  anti-lipid  A  antibody 
to  protect  the  sheep  against  LPS,  we  believe  more  basic  research  is 
required  to  learn  the  precise  nature  of  the  protective  effects  of 
anti-lipid  A  antibody. 
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FIGURE  1.  Changes  in  core  temperature,  leukocyte  count,  pulmonary 
artery  pressure  and  pulmonary  vascular  resistance  after  infusion  of  in 
vitro  preincubated  mixtures  of  LPS  +  HSA  (n=6,  — • — ) ,  LPS  +  HAIA  + 

HSA  (n-6,— -O— ),  LPS  +  5B10  +  HSA  (n=6, - ),  5B10  +  HSA  {n»4, 

••A**).  Values  are  mean  ±  sem,  *  p<0.05,  **  p<0.001  compared  with  LPS 
-r  HSA  control  group  over  time. 

FIGURE  2.  Plasma  thromboxane  level  after  Intravenous  infusion  of  mix¬ 
ture  of  incubation  of  LPS  +  HSA  (n=6, — • — ),  LPS  +  HAIA  +  HSA  (n»6, 

— O — ),  LPS  +  5B10  +  HSA  (n=>6, - ),  5B10  +  HSA  (n=*4,  ••A**)*  Values 

are  mean  ±  sem,  *  p<0.05,  **  p<0.001  compared  with  LPS  +  HSA  control 
group  over  time. 
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IB  order  to  eumiiae  the  aMlity  of  Limulus  antilipopotyMcdieride  factor  (LALF)  to  bind  llpopolyMcdiaride 
(LPS),  we  pariAcd  LAI,F  to  homogeneity  from  Umutus  amocbocyte  lysate  and  coupled  it  covalently  to  agarose 
beads.  LALF-coupled  beads  captured  more  tritialed  LPS  from  rouj^  and  smooth  strains  of  gram-negative 
bacteria  than  did  control  human  scrum  albumin-coupled  beads.  Unlabeled  homologous  and  hctcrologDus  LPS 
competed  for  the  binding  of  '*H-LPS  to  LALF-coupM  beads.  LALF  bound  LPS  in  a  dose-dependent  manner 
as  assessed  by  the  precipiUtion  of  LPS-LALF  completes  sviih  509b  saturated  ammonium  sulfate.  We  also 
studied  the  ability  of  LALF  to  neutralise  LPS.  LPS  preincubated  svith  LALF  svas  less  mitogenic  for  murine 
splenocytcs,  svas  less  pyrogenic  in  the  rabbit  fever  assay,  was  less  lethal  in  mice  which  had  been  sensitised  lo 
ijS  with  actinomycin  D,  and  Induced  less  fever,  neutropenia,  and  pulmonary  hypertension  svben  infrised  into 
sheep.  Our  findings  extend  prior  studies  which  suggested  that  LALF  binds  to  and  neutraHscs  LPS  from 
multiple  strains  of  gram-negative  bacteria. 


Despite  the  availability  of  antibiotics  capable  of  rapidly 
killing  most  gram-negative  bacteria,  infections  caused  1^ 
these  organisms,  with  the  subsequent  development  of  sepsis, 
shock,  and  multisystem  organ  failure,  continue  to  be  a  major 
clinical  problem.  Bacterial  lipopolysaccharide  (LPS)  is  felt 
to  play  an  important  role  in  the  pathophysiology  of  severe 
gram-negative  infections.  Accordingly,  a  strategy  for  the 
treatment  of  gram-negative  sepsis  has  been  to  attempt  to 
develop  a  means  to  neutralize  or  clear  LPS  from  the  blood¬ 
stream  before  the  induction  of  irreversible  pathology. 

One  such  approach  has  been  to  passively  infuse  immuno¬ 
globulin  directed  at  LPS.  Polyclonal  (IS,  17,  41)  and  mono¬ 
clonal  (7,  10,  18,  21)  antibodies  directed  at  the  O  polysac¬ 
charide  of  LPS  protect  against  challenge  with  LPS  in  animal 
models.  However,  immunoglobulin  directed  against  O 
polysaccharide  is  only  pr>,icctive  against  homologous  strains 
of  bacteria,  making  it  difficult  to  utilize  clinically.  Polyclonal 
(4,  6,  17,  20,  48,  50)  anC  momKional  (14,  49)  antibodies 
directed  at  the  common  core  glycolipid  structure  on  LPS 
have  also  been  reported  to  give  protection  in  animal  models 
and  clinical  trials.  These  immunoglobulin  preparations  are 
reported  to  protect  against  most  gram-negative  strains,  al¬ 
though  the  protection  in  animal  mrxicls  is  less  than  that  of 
antit^y  directed  at  the  O  polysaccharide. 

There  are  relatively  few  proteins  which  have  been  re¬ 
ported  to  bind  and  neutralize  LPS.  Two  such  proteins  are 
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polymyxin  B  and  bactericidal/permeability-increa.sing  pro¬ 
tein  (19,  45).  Polymyxin  B  has  been  known  for  over  two 
decades  to  protect  animals  against  challenge  with  LPS  (8, 31. 
34-36)  and  against  gram-negative  infection  (3,  9),  but  it  is 
believed  to  be  too  toxic  for  routine  clinical  u.sc.  Bactericidal/ 
pcrmcBjility-increasing  protein  was  recently  reported  to 
inhibit  LPS-induced  stimulation  of  neutrophils  and  coagula¬ 
tion  of  '  imultts  amoebocyte  lysate  (LAL)  (19).  Further 
studies  will  be  needed  to  assess  whether  it  will  be  helpful  as 
a  therapeutic  agent  for  endotoxemia. 

In  1987,  an  anticoagulant  which  inhibited  the  enditloxin- 
mediated  activation  of  the  Limulus  coagulation  system  was 
identified  in  the  arntjcoocytcs  of  the  henwilymph  ol  the 
horseshoe  crabs  Tachypleus  tridenlaius  and  Limulus  poly- 
phemus  (40).  This  factor  has  since  been  isolated  and  char¬ 
acterized  (22).  and  it  is  a  single-chain  polypeptide  with  a 
molecular  weight  of  1 1.80I)  (26).  The  primary  structure  of  the 
molecule  consists  of  102  amino  acids  and  is  partially  homol¬ 
ogous  with  structures  of  molecules  in  ihe  lactalbumin-lyso- 
zyme  family  (1). 

Several  experiments  suggest  that  this  factor  acts  by  bind¬ 
ing  to  LPS.  First,  the  factor  inhibits  activation  of  LAL  by 
LPS,  but  not  by  another  activator,  (l-.1)-fi-i>-glucan  (40). 
Second,  the  factor  lyses  crythnicytcs  that  arc  sensitized  by 
prior  incubation  with  LPS  hut  dlics  not  lyse  unscnsiiizcd 
cells,  and  the  ability  to  hemttlyze  is  inhibited  by  excess  LPS 
added  to  the  reaction  mixture  (29).  Third,  the  activation  of 
cultured  human  endothelial  cells  by  LPS  is  decreased  in  a 
dose-dependent  manner  if  the  LPS  is  preincubated  with  the 
factor  (11).  Fourth,  the  factor  forms  precipitation  lines  when 
reacted  with  LPS  in  aganwc  double-diffusion  gels  (27). 
Because  of  these  studies,  the  factor  has  been  called  Limulus 
anti-LPS  factor  (lALF)  (1.  22), 

A  preliminary  study  suggested  that  the  lethal  toxicity  of 
LPS  in  rats  was  diminished  by  prcincubatkm  with  LALF 
(43).  Recently,  LALF  has  also  been  shown  to  attenuate  the 
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toxic  effects  of  meningococcal  lipooligosaccharide  in  rabbits 
(2).  To  test  the  hypothesis  that  this  factor  has  antiendotoxic 
properties  in  other  systems,  we  purified  LALF  to  homoge¬ 
neity  from  LAL  and  examined  its  ability  to  bind  to  endotoxin 
from  several  different  gram-negative  bacteria  by  measuring 
the  amount  of  'H-LPS  that  the  factor  captured  when  cova¬ 
lently  coupled  to  agarose  beads  and  by  precipitating  'H- 
LPS-LALF  complexes  with  ammonium  sulfate.  We  then 
asscs.sed  the  ability  of  LALF  to  decrea.se  the  mitogenic 
activity  of  LPS  on  murine  .splenocytes  in  vitro  and  to 
decrease  LPS-induced  pyrogenicity  in  rabbits,  lethality  in 
mice  treated  simultaneously  with  actinomycin  D,  and  fever, 
leukopenia,  and  pulmonary  artery  vasoconstriction  and  hy¬ 
pertension  in  awake  sheep.  Our  results  confirm  and  extend 
prior  studies  and  indicate  that  LALF  binds  to  and  neutral¬ 
izes  LPS  from  numerous  different  gram-negative  strains  both 
in  vitro  and  in  vivo. 

MATERIALS  AND  METHODS 

LPSs.  Unlabcicd  LPS  from  Salmonella  typhimurium, 
Klebsiella  pneumoniae,  and  Serratia  marcescens  were  pur¬ 
chased  from  I.ist  Co.  (Campbell,  Calif.).  Unlabeled  LPS 
from  Escherichia  coli  0113  was  prepared  by  the  hot  phenol 
method  as  described  by  Rudbach  ct  al.  (.39). 

Cultures  of  .S.  typhimurium  G30.  E.  coli  0111:B4.  E.  coli 
018,  and  E.  coli  J5  were  the  kind  gifts  of  Paul  Rick 
(Uniformed  Health  .Services  University  and  Health  Sci¬ 
ences,  Bethesda,  Md.).  David  Morrison  (University  of  Kan¬ 
sas  Medical  Center,  Kansas  City),  George  Siber  (Dana 
Farbcr  Cancer  Institute,  Boston,  Mass.),  and  Jerald  Sadoff 
(Walter  Reed  Army  Institute  of  Research,  Washington, 
D.C.),  respectively.  Cultures  of  E.  coli  04,  Ob,  016,  025, 
and  075  were  the  kind  gifts  of  Alan  Cross  (Walter  Reed 
Army  Institute  of  Research). 

Biosynthetically  radiolabeled  isolates  of  all  of  the 
“smtKith"  E.  coli  strains  wcic  prepared  by  growing  the 
organisms  in  the  presence  of  'H-acctatc  and  then  subjecting 
them  U»  hot  phenol  extraction  (44).  Briefly,  we  grew  cultures 
of  each  organism  to  an  optical  density  of  0.9  at  540  nm  (with 
a  path  length  of  1.0  cm)  in  broth  containing  (per  liter)  22.5  g 
of  yeast  extract,  1 1  g  of  peptone,  4  g  of  mtinobasic  potassium 
phosphate,  16.8  g  of  dibasic  potassium  phosphate,  and  10  g 
of  gluctisc,  with  10  mCi  of  'H-acetatc  per  lot)  ml  of  broth. 
The  cells  were  chilled  and  washed  three  times  in  saline,  and 
the  LPS  was  extracted  by  the  hot  phenol  method  (46).  The 
preparations  were  then  treated  first  with  DNase  and  RNasc 
and  then  with  pronase  (Sigma  Chemical  Co,  St.  laruis.  Mo.) 
according  to  the  method  of  Romeo  ct  al.  (.38).  The  concen¬ 
trations  of  LPS  were  estimated  by  a  spcctrophotomctric 
LAL  gelatin  assay  utilizing  an  E.  coli  0113  LPS  standard 
containing  10  endotoxin  units  per  ng  (lot  20:  Ass«x;iatcs  of 
Cape  Cod,  Falmouth,  Mass.).  These  results  were  similar  to 
those  obtained  by  weight.  .Solutions  of  'H-LPS  were  ad¬ 
justed  to  1  ug  of  l-PS  ps'r  ml  (as  l.imulus  biological  activity), 
and  counts  per  minute  per  microgram  were  calculated  by 
counting  a  0.4-ml  volume  combined  with  4.5  ml  of  Optiflor 
scintillation  Iluid  (Packard,  Downers  Grove.  III.).  The  differ¬ 
ent  LPSs  contained  the  following  counts  per  minute  per 
microgram:  E.  coli  04,  1(),4')();  E.  coli  Or>,  7,200;  E.  coli  018, 
6,1,50;  F.  coli  016,  LLltKI;  E.  coli  025,  11,040;  E.  coli  075, 
4.700;  E.  coli  0111:114,  4.040,  More  than  99'>  of  each 
radiolabeled  LPS  was  demonstrated  to  remain  in  the  water 
phase  after  a  1:1  elher  waler  extraction  at  pH  5.  Sixlium 
diHlecyl  sulfate  polyacryl.imide  gel  electrophoresis  (SOS- 
PAGF.)  of  each  LPS  resulted  in  a  regularly  spaced  band 


FIG.  1.  Punty  of  LACK  as  asMMcd  by  high-pertnmiance  liquid 
chronMtngraphy  and  SDS-PAGE.  Conditions  for  SDS-PAGE  are 
given  in  Materials  and  Methods.  The  apparent  molecular  weight  of 
the  protein  hand  shown  was  estimated  to  be  15,000  hy  comparing  it 
with  molecular  weight  markers  (not  shown).  0.0.,  optical  density. 


pattern  typical  of  LPS  when  stained  with  silver.  Similar 
regularly  spaced  band  patterns  were  obtained  when  the  gels 
were  analyzed  by  autoradiography. 

Radiolabeled  LPS  frtim  E.  coli  J5  was  made  by  growing 
the  organisms  in  broth  containing  'H-acetatc  as  described 
aNrve  and  extracting  the  LPS  as  described  by  Galanos  ct  al. 
(13).  This  I,PS  contained  22.(X)0  cpm/|ig. 

Radiolabeled  LPS  from  5.  typhimurium  GM)  was  prepared 
by  gnywing  the  organisms  in  PPBE  broth  (per  liter;  10  g  of 
peptone,  1  g  of  beef  extract,  and  5  g  of  NaCl  in  0.05  mM 
unlabcicd  ivgalactosc)  containing  5(X)  iiCi  of  D-(l-'H|galac- 
tosc  per  1(X)  ml  of  bnxh  as  described  by  Munford  and  Hall 
(23).  This  strain  pnxJuccs  complete  LPS  only  in  the  presence 
of  galactose  and  ircorp«>ratcs  exogenous  galactose  almost 
entirely  into  the  LPS  (30).  thus  ensuring  that  all  of  the 
extracted  label  is  found  in  LPS.  The  LPS  was  then  extracted 
and  standardized  a.i  dc.scnbed  above.  This  LPS  contained 
16.8(X)  epm/pg. 

PurlflcatioN  of  LALF  fkom  L.  pohphemus  amnebocyles. 

LALF  was  purified  fn>m  lAL  as  previously  described  (4,3) 
hy  using  a  spcctrophotomctric  LAL  ax.say  to  monitor  inhi- 
bitkm  of  LPS-induced  lysate  activation  (28).  Briefly,  amoc- 
Nicytcs  from  I..  potvphemus  were  collected  under  endotox- 
in-frcc  conditions,  lysed  try  the  addition  of  distilled  water, 
and  centrifuged  at  5.I)(X)  x  g  for  30  min.  The  pellet  w,is 
extracted  with  .3  M  urea.  The  extract  was  filtered  through  a 
membrane  with  a  .3O.0tX)-Da  cutoff  and  concentrated  by  a 
membrane  with  a  8,(X)(FDa  cuttiff.  The  retcntaic  was  applied 
to  a  cation  exchange  column  (CM  .Scphaitisc)  equilibrated 
with  .3  M  urea- 10  mM  ammonium  .acetate  (pH  5.5)  and  step 
eluted  with  N.ia  at  0.15,  0.15.  tl.5  M.  The  0.5  M  NaCl  peak 
was  directly  applied  to  a  C-4  reversed-phase  ailumn  ( Vydac, 
Hesperia.  Calif.)  equilibrated  with  watcr-0.2'‘r  trilluoroacc- 
tic  acid.  The  column  was  step  eluted  with  15.  35.  and  50''r 
isopropanol  containing  0.2''r  trifluoro.icctic  acid.  The  50'r 
isopropanol  peak  was  lyophili/ed  and  reconstituted  immedi¬ 
ately  before  use.  The  final  pnxluct  was  estimated  to  be 
'■95' J  pure  hy  reversed-phase  high-performance  liquid  chro¬ 
matography  and  SDS-PAGE  (Fig.  1).  SDS-PAGE  was  car¬ 
ried  out  with  a  Pharmacia  PhastSystem  at  X  to  25''r  acryl¬ 
amide  with  2''r  cross-linking  and  the  manufacturer's  Tris 
acetate  buffer  system.  Staining  was  performed  with  Cix'ma.ssic 
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R  350.  The  amino  acid  sequence  of  LALF  was  determined  up 
to  residue  30  and  was  found  to  be  essentially  identical  to  that 
reported  by  Muta  et  at.  (26). 

Binding  assays.  The  ability  of  LALF  to  bind  LPS  was 
assessed  by  two  methods.  In  the  first  method,  we  measured 
the  amount  of  LPS  that  was  captured  by  agarose  beads  to 
which  LALF  tnd  been  covalently  coupled.  Control  beads 
were  coupled  with  human  serum  albumin  (HSA). 

LALF  and  HSA  were  covalently  coupled  to  carbonyldi- 
imidazole-activated  agarose  gel  beads  (Reacti-gcl;  Pierce, 
Rockford,  III.)  according  to  the  manufacturer’s  directions. 
Briefly,  the  resin  was  washed  and  equilibrated  in  O.I  M 
borate-^.9%  NaO,  pH  8.5.  Ten  milligrams  of  protein  was 
added  per  ml  of  packed  bead  volume,  and  the  mixture  was 
mixed  end-over-end  for  20  h  at  4°C.  The  coupled  gel  was 
blocked  with  2  M  Tris  buffer  (pH  3.0)  for  4  h  and  washed 
with  pyrogen-free  distilled  water.  By  measuring  protein 
concentrations  after  coupling,  8.5  mg  of  LALF  and  9.2  mg  of 
HSA  were  coupled  per  ml  of  gel.  Binding  assays  were 
performed  by  combining  triplicate  samples  of  I.0-)jig/mi 
radiolabeled  LPS  with  a  2%  (vol/vol)  solution  of  LALF-  or 
HSA-linked  beads  in  a  total  of  0.4  ml  of  phosphate-buffered 
saline  (PBS)  (pH  7.0)  in  1.5-ml  polypropylene  conical  tubes. 
After  120  min  of  end-over-end  mixing  at  3T’C,  the  tubes  we-.e 
centrifuged  for  15  min  at  10,000  x  g.  The  supernatants  were 
manually  aspirated  and  saved  and  the  pellets  were  washed 
twice  with  PBS.  Counts  per  minute  in  the  supernatants  and 
pellets  were  measured  in  a  liquid  scintillation  counter,  ad¬ 
justing  for  quenching  by  the  internal  standard  method.  The 
percentage  of  LPS  bound  to  the  beads  was  determined  by 
dividing  the  total  counts  per  minute  in  the  pellet  by  the  total 
counts  per  minute  recovered  and  multiplying  by  1(X>.  The 
total  counts  per  minute  recovered  varied  slightly  depending 
on  the  type  and  quantity  of  LPS  added  and  whether  LALF- 
or  HSA-coupIcd  beads  were  used.  Typically,  60  to  80%  of 
added  counts  were  recovered.  Omnts  per  minute  not  recov¬ 
ered  with  the  beads  or  supernatant  were  quantitatively 
accounted  for  and  shown  to  be  bound  to  the  tube  walls  by 
cutting  the  polypropylene  tubes  into  quarters  with  a  razor 
and  counting  in  a  similar  manner.  Competition  binding 
experiments  were  performed  by  adding  unlabelcd  homolo¬ 
gous  or  heterologous  LPS  to  reaction  mixtures  containing 
LALF-coupIcd  beads  and  1.0  |ig  of  'H-LPS  per  ml.  Results 
arc  expressed  as  means  ±  standard  deviations. 

In  the  second  method,  ’H-LPS  was  incubated  in  dilutions 
of  LALF  at  37°C.  Complexes  of  'H-LPS  bound  to  LALF 
were  tiien  separated  from  free  'H-LPS  by  precipitation  in 
half-saturated  ammonium  sulfate  according  to  the  method  of 
Farr  (12). 

Speciflcally,  6,000  cpm  of  each  smooth  LPS  tested  was 
incubated  in  150  ^1  of  twofold  dilutions  LALF  in  0.02  M 
PBS  for  120  min  at  .ITC  in  a  1.5-ml  Eppendorf  microcentri- 
fuge  tube.  This  corresponds  to  the  following  LPS  concentra¬ 
tions  in  the  final  protein  mixture;  E.  coli  04,  3.8  ug/ml;  E. 
coH  06,  5.6  )ig/ml:  E.  coH  016,  2.3  p.g/ml;  E.  coti  018.  6.5 
p.g/ml;  E.  coli  025,  3.6  tig/ml;  E.  coli  075,  8.5  ug/ml.  We 
elected  to  fix  the  number  of  counts  per  minute  added  rather 
than  the  concentration  of  LPS  added  in  order  to  study  the 
minimal  concentration  of  each  LPS  that  could  be  reliably 
detected.  Following  incubation  at  37”C,  the  solution  was 
c(x)lcd  on  ice  for  15  min,  an  equal  volume  of  iced  saturated 
ammonium  sulfate  was  added  dropwise,  and  the  solution 
was  allowed  to  sit  at  4'’C  for  another  15  min.  The  tubes  were 
then  centrifuged  at  12,(X)0  x  g  for  15  min.  Supernatants  were 
carefully  aspirated.  Pellets  were  washed  twice  with  .50% 
ammonium  sulfate  and  resuspended  in  3(X)  ^1  of  PBS.  The 


quantity  of  LPS  in  the  supernatants  and  pellets  was  assessed 
counting  0.4  ml  of  a  1:7  dilution  of  each  combined  with 
4.5  ml  of  Optiflor  scintillation  fluid  (Packard).  Quenching 
was  minimal  and  was  corrected  for  by  the  internal  standard 
method.  Less  than  5%  of  each  smooth  LPS  tested  precip¬ 
itated  in  PBS  alone.  However,  more  than  90%  of  the  'H-LPS 
from  rough  mutant  E.  coli  J5  precipitated  in  PBS-HSA  alone, 
so  that  we  were  unable  to  test  this  LPS  in  the  system.  For 
most  of  the  as.says,  recovery  of  added  counts  per  minute  was 
greater  than  85%  by  this  assay.  At  low  protein  concentra¬ 
tions  of  LALF  or  HSA  (less  than  50  pg/ml),  recovery  was 
sometimes  less,  which  we  attributed  to  LPS  binding  to  the 
walls  of  the  tube.  All  assays  were  performed  in  duplicate, 
and  the  results  are  given  as  means.  Results  are  expressed  as 
the  percentage  of  recovered  counts  per  minute  as  calculated 
by  the  following  formula;  (counts  per  minute  in  the  pellet/ 
counts  per  minute  recovered)  x  100. 

Mitoi^nic  assay.  The  mitogenic  as.say  was  performed 
essentially  as  described  by  Jacobs  and  Morrison  (16). 
Briefly,  dilutions  of  LPS  were  preincubated  in  the  presence 
of  10  |i.g  of  LALF  per  m!  for  2  h  at  37'C.  These  mixtures 
were  then  incubated  for  48  h  in  RPMI  medium  containing  5 
X  10^  spleen  cells  from  CD-I  mice.  One  microcurie  of 
'H-thymidine  was  next  added  to  each  well,  and  cells  were 
incubated  for  an  additional  16  h.  Incorporated  radioactivity 
was  measured  by  using  a  mash  harvester  to  disrupt  the  cells 
followed  by  scintillation  counting.  Each  assay  was  done  in 
quadruplicate,  and  the  results  arc  reported  as  means  t. 
standard  deviations.  Staining  of  spicnocytes  with  crystal 
violet  following  culture  in  the  presence  of  10  ^g  of  LALF  per 
ml  suggested  that  this  concentration  of  LALF  did  not  kill 
spicnocytes.  Concanavalin  A  was  normally  mitogenic  in  the 
presence  of  10  pg  of  LALF  per  ml. 

RabMI  pyrogen  assay.  The  rabbit  pyrogen  assay  has  been 
previously  described  (37).  Male  New  Zealand  White  rabbits 
(2.5  to  3.5  kg)  were  used  throughout  the  study.  Glas.sware, 
needles,  syringes,  and  PBS  were  pyrogen  free.  Rectal  tem¬ 
perature  was  recorded  every  3  min  for  5  h  after  intravenous 
injection  by  using  Tnermistor  probes  connected  to  a  tclcther- 
mometer  interfaced  to  an  HP85  computer  (Hewlett-Packard 
Co.,  Palo  Alto,  Calif.).  Changes  in  temperature  arc  ex¬ 
pressed  as  maximum  deviation  from  the  base  line  recorded 
at  the  time  of  injection. 

Earlier  studies  indicated  that  a  dose  of  the  same  lot  of  E. 
coli  0113  LPS  at  150  ng/kg  of  body  weight  was  on  a  sensitive 
portion  of  the  dose-response  curve  (44).  Accordingly,  we 
preincubalcd  LPS  from  E.  coli  0113  with  a  l(X)-fold  excevs 
of  LALF  by  weight  or  in  saline  alone  for  2  h  at  37”C  and 
administered  these  mixtures  at  an  LPS  dose  of  150  ng4(g  to 
groups  of  four  acclimatized  rabbits  while  recording  their 
rectal  temperature. 

Actinomycin  D  mouM  model.  Mice  are  relatively  resistant 
to  the  lethal  effects  of  LPS  injection.  We  therefore  utilized 
actinomycin  D  as  described  by  Brown  and  Morrison  (5)  and 
Picroni  et  al.  (32)  to  sensitize  mice  to  submiemgram  amounts 
of  LPS.  Dilutions  of  LPS  were  preincubalcd  in  saline  alone 
or  in  2,0  ug  of  LALF  per  ml  in  saline  al  3T’C  for  60  min  and 
then  combined  1:1  with  250  ug  of  actinomycin  D  per  ml 
immediately  prior  to  injection.  A  total  volume  of  0.2  ml  of 
this  solution  containing  actinomycin  D  (25  M.g),  LPS,  and 
cither  saline  or  2<X)  ng  of  LALF  was  injected  intrapcritonc- 
ally  into  groups  of  six  to  nine  CD-I  mice.  Results  arc 
cxpres.scd  as  survivors  per  total  mice  at  72  h.  The  50%  lethal 
dose  was  calculated  by  the  methcid  of  Reed  and  Mucnch 
(33).  Statistics  were  calculated  by  logistic  regression  using 
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TABLE  1.  Percentage  of  radiolabeled  LPS  captured  by  HSA  or 
LALF  coupled  to  agarose  beads 


nt-LPs 

%  ct  LPS  capcuml  by: 

HSA- 

ooupted 

beads 

lALF- 

eoupied 

be^ 

S.  typhimurium 

26.0  ±  1.6 

60.6  ±  2.3 

E.  coti  0111:B4 

13.7  ±  1.2 

49.3  *  U 

£.  coH  0118 

31.6  ±  1.0 

89.9  ±  1.2 

E.  coli  JS 

59.3  ±  10.1 

97.3  i  0.2 

the  SAS  statistical  system  (PC  SAS  version  6;  SAS  Institute, 
Cary,  N.C.). 

LJ^Induced  fever,  neutropenia,  and  pulmonary  hypcrtcn* 
sion  in  sheep.  This  model  has  been  previously  described  (47) 
and  represents  an  established  m^el  for  measuring  LPS 
effects  upon  pulmonary  hemodynamics.  The  injection  of 
nanogram-per-kilogram  quantities  of  LPS  induces  reliable 
changes  of  core  temperature,  transient  neutropenia,  and 
mediator  release  with  vasoconstriction  and  pulmonary  ar¬ 
tery  hypertension.  For  this  assay,  LPS  from  S.  marcescens 
was  utilized  because  detailed  dose  response  information  was 
known  from  prior  experiments  (47). 

Briefly,  LPS  was  preincubated  with  a  200-fold  excess  of 
LALF  or  with  pyrogen-free  saline  for  2  h  at  37°C.  Immedi¬ 
ately  following  the  incubation,  20  ng  of  LPS  per  kg  (4  pg  of 
LALr  per  kg)  was  intravenously  injected  into  awake  sheep. 
A  sterile  Swan  Ganz  catheter  had  been  placed  in  the  pulmo¬ 
nary  artery  via  an  introducer  sheath  in  the  external  jugular 
vein.  This  catheter  allowed  us  to  measure  and  record  pul¬ 
monary  artery  pressure  and  pulmonary  artery  core  temper¬ 
ature  continuously.  We  intermittently  measured  pulmonary 
artery  occlusion  pressure  and  injected  5  ml  of  sterile  0^ 
saline  to  measure  cardiac  output.  Pulmonary  vascular  resis¬ 
tance  was  calculated  by  the  standard  formula  (pulmonary 
artery  pressure  -  pulmonary  artery  occlusion  pressure)/ 
cardiac  output.  Samples  were  obtained  at  intervals  for 
quantitation  of  leukocytes  by  using  a  Coulter  Counter. 

All  data  for  the  sheep  experiments  were  stored  on  a  DEC 
LSI-11/73  computer  and  transferred  to  an  IBM  PC-286 
computer  for  statistical  analysis  using  the  SAS  statistical 
system.  Core  temperature,  pulmonary  hemodynamic,  and 
hematologic  data  were  statistically  compared  over  time  as 
well  as  between  treatment  groups  by  using  analysis  of 
variance  for  repeated  measures.  When,  within  a  treatment 
group,  effects  were  transient  and  occurred  at  different  times, 
data  were  averaged  over  time  and  compared  with  those  of 
the  control  population  by  t  tests.  For  single  comparisons,  P 
<  0.05  was  considered  to  be  significant.  All  data  are  pre¬ 
sented  as  means  i  standard  e.'rors. 

RESULTS 

Ability  of  LALF-  or  HSA-eoupled  beads  to  capture  radio- 
labeled  LPS.  LALF-coupled  beads  bound  two  to  four  times 
as  much  tritiated  LPS  from  the  smooth  gram-negative  strains 
studied  than  did  the  control  HSA-coupled  beads  (Table  1). 
The  LALF-coupled  lieads  bound  more  than  95'7!  of  tritiated 
LPS  from  rough  mutant  E.  coli  J5,  although  nonspecific 
binding  to  the  HSA-coupled  beads  was  higher  for  this  strain 
than  for  LPS  from  the  smixjth  strains.  Competition  experi¬ 
ments  were  performed  by  adding  unlabelcd  LPS  to  the 
reaction  mixture  containing  lALF-coupled  beads  and  'H- 
LPS  (1.0  tig/ml)  from  5.  typhimurium.  The  addition  of  both 
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FIG.  2.  Competitioa  tor  binding  of  tritiated  LPS  to  LALF- 
coupled  beads  by  homologous  and  heterologous  unlabeled  LPS. 
Tritiated  LPS  (1  ag/ml)  ftom  5.  typtumurium  was  added  to  the 
reaction  mixture  together  with  various  concentrations  of  unlabeled 
LPS  ftom  S.  typhimurium  (•)  or  K.  pneumonia  (A).  The  open 
diamond  to  the  right  of  the  figure  represents  the  percentage  of 
’M-LPS  bound  to  LALF-coupled  beads  in  the  presence  of  1.2  mg  of 
albumin  per  ml. 


homologous  and  heterologous  unlabeled  LPS  decreased  the 
percentage  of  radiolabeled  LPS  bound  to  the  beads  (Fig.  2). 

Ability  of  LALF  to  bind  LPS  as  assessed  by  precipitatioa 
wfth  saturated  amaaooiiMi  sulfate.  LALF  bound  to  ^H-LPS 
from  six  smooth  £.  coli  strains  in  a  dose-dependent  manner 
(Fig.  3).  Fifty  percent  of  the  recovered  LPS  was  bound  at 
LALF  concentrations  ranging  from  250  to  700  lag/ml.  When 
corrected  for  LPS  concentration,  this  corresponds  to  the 
following  ratios  of  LALF  to  LPS  needed  for  half-maximal 
precipitation  of  each  LPS:  £.  coli  04,  137:1:  E.  coli  06, 
118:1;  E.  coli  016, 226:1;  £.  coli  018, 52:1;  E.  coli  025, 72:1; 
£.  coli  075,  65:1. 

Effect  of  LALF  am  adtogralc  activity  of  LPS,  E.  coli  0113 
LPS  which  had  been  preincubated  with  LALF  was  less 
mitogenic  than  the  saline  control  (Fig.  4).  Similar  findings 
were  obtained  when  5.  typhimurium  LPS  was  used  (data  not 
shown). 

Effect  of  LALF  o«  LPS-induced  fever  In  rabbits.  £.  coli 
01 13  LPS  which  had  been  prcincubated  with  LALF  induced 
significantly  Ic.vs  fever  in  rabbits  than  did  LPS  incubated  in 
saline  (/»  <  0.001)  (Fig.  5). 

Protective  effect  of  LALF  on  actinomycin  D-sensitixed  mke. 
The  effect  of  LALF  on  mice  sensitized  with  actinomycin  D 
is  shown  in  Table  2.  As  noted  in  Materials  and  Methods, 
mice  received  25  pg  of  actinomycin  D,  dilutions  of  LPS,  a.nd 
either  saline  or  200  ng  of  LALF.  Three  experiments  were 
performed,  each  with  a  range  of  LPS  dilutions.  In  each 
experiment,  more  mice  survived  at  critical  LPS  doses.  The 
calculated  SO'Ti  lethal  dose  obtained  by  using  all  mice  was 
35.0  ng  per  mouse  for  LPS  in  the  presence  of  LALF  and  2.8 
ng  per  mouse  in  the  presence  of  saline  alone.  By  logistic 
rcgre.ssion  with  additive  effects  on  the  logit  scale  for  log  LPS 
dose  and  administration  of  LALF,  both  effects  were  highly 
significant  (/*  <  0.001).  The  odds  ratio  for  the  probability  of 
survival  with  the  administration  of  LALF  was  1.82. 

Effect  of  LALF  o«  LPS-induced  fever,  neutropenia,  and 
pulmonary  hypertension  In  sheep.  Prcincubation  with  LALF 
resulted  in  significantly  less  LPS-induced  fever,  neutrope¬ 
nia,  pulmumary  va.M)constriction,  and  hypertension  than  was 
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LALF  or  N8A  Coneoatrathm  (ug/ml) 

FIO.  3.  Percentage  of  ’H-LPS  precipitated  by  different  concentrations  of  LALF  (solid  figures,  solid  lines)  or  HSA  (open  figures,  dashed 
lincs'i  in  50%  saturated  ammonium  sulfate  as  described  in  Materials  and  Methods.  Symbols  and  denoted  strains  of  £.  coU  are  as  follows:  04, 
plus  sijns:  06,  circles;  016,  triangles;  018,  squares;  025,  diamonds;  075,  inverted  triangles. 


seen  with  control  sheep  (Fig.  6).  The  febrile  response  to  LPS 
which  had  been  preincubated  with  LALF  was  monophasic 
rather  than  biphasic,  and  the  peak  fever  was  lower  and 
delayed  (P  <  0.(X)1).  Similarly,  the  increase  in  pulmonary 
artery  pressure  induced  by  LPS  was  markedly  diminished 
and  delayed  by  preincubation  with  LALF  {P  <  O.QS). 
Preincubation  with  LALF  abolished  LPS*induced  neutrope¬ 
nia  (P  <  0.001). 

DISCUSSION 

The  major  finding  of  our  experiments  is  that  LALF  binds 
to  LPS  derived  from  several  different  gram-negative  bacte¬ 
rial  strains  in  vitro  and  that  it  can  neutralize  the  toxic  effects 
of  LPS  in  in  vitro  and  in  vivo  assays  of  biological  activity. 
Our  results  extend  prior  studies  using  LALF  in  several 
ways.  First,  we  have  confirmed  by  direct  binding  assays  that 
LALF  binds  to  LPS  from  multiple  strains  of  gram-negath'c 
bacteria.  Second,  we  have  shown  that  preincubation  with 


0.01  0.1  1  10 
Ecolt  01 13  UPS  Oug^tTH) 

FIG.  4.  Mitogenic  response  of  E.  cott  0113  LPS  which  had  been 
preincubated  with  LALF  (10  u.g/ml)  (*)  or  saline  alone  (O). 


LALF  diminishes  the  mitogenic  response  of  LPS  for  murine 
splenocytes.  Third,  we  have  shown  that  LALF  decreases 
the  bioactivity  of  LPS  in  mice  (which  have  been  sensitized 
with  actinomycin  D),  rabbits,  and  sheep.  Each  of  these 
animal  models  represents  an  established  assay  for  in  vivo 
endotoxin  activity. 

There  are  a  limited  number  of  well-defined  proteins  which 
bind  LPS  and  are  capable  of  these  antitoxic  properties. 
Other  substances  reported  to  bind  and  neutralize  the  effects 
of  LPS  in  biological  assays  and/or  animal  models  include 
polymyxin  B  (3,  8,  9,  31,  34-36),  bactericidal/permeability- 
increasing  protein  (19,  45),  and  immunoglobulin  directed  at 
the  endotoxin  core  (4,  6,  14,  17,  20,  48-50).  LPS  also  binds 
to  plasma  lipoproteins  in  the  presence  of  disaggregating 
agents,  and  the  complexes  which  are  formed  are  less  active 
than  unbound  LPS  in  numerous  assays  (24,  25,  42). 

The  results  of  the  mitogenic  assays,  the  mouse  lethality 
test,  and  studies  using  Li^  (data  not  shown)  suggest  that 
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FIG.  5.  Pyrogenic  response  in  groups  of  four  rabbits  to  intrave¬ 
nous  injection  of  E.  coU  0113  LPS  (150  ng/kg)  which  had  been 

preincubited  with  a  tOQ-fold  excess  of  LALF  ( - )  or  saline  alone 

( - ).  The  maximal  temperature  of  rabbits  which  were  injected 

with  LPS  preincubated  with  LALF  was  significantly  less  than  that  of 
controls  (P  <  0.001). 
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TABLE  2.  Protective  effect  of  LALF  in  mice  sensitized  with  antmonycin  D 


No.  of  mrviving  micc/lotsi  an 


Dose 

Exptl 

Exp(2 

Eapl3 

TotaT 

Saline 

LALF 

Saline 

LALF 

Saiiae 

LALF 

Saline 

LALF 

LPS/mouse  (ng) 
1.000.0 

m 

V6 

0/6 

3/6 

0/9 

0/9 

0/21 

4/21 

100.0 

3/6 

0/6 

1/6 

2/6 

0/9 

09 

4/21 

2/21 

10.0 

4/6 

5/6 

W 

Sift 

1/9 

919 

6/21 

19/21 

1.0 

4/6 

6/6 

m 

616 

8/9 

919 

14/21 

21/21 

0.1 

6/6 

5/6 

2/6 

S/6 

9/9 

9/9 

17/21 

19/21 

Saline  alone 

6/6 

6/6 

6/6 

6/6 

9/9 

9/9 

21/21 

21/21 

*  Fifty-percent  lethal  doses  were  2.8  ng  of  LPS  with  saline  and  3S.0  ng  of  LPS  with  LALF. 


approximately  a  10-fold  excess  of  LALF  by  weight  is  needed 
for  neutralization,  a  relationship  which  has  been  previously 
shown  for  the  inhibition  of  endothelial  cell  activation  (11). 
Estimation  of  the  molar  ratios  needed  for  effective  neutrali¬ 
zation  is  not  possible  owing  to  uncertainty  as  to  the  effective 
molecular  weight  of  the  micellar  form  of  LPS  in  aqueous 
solution. 

Direct  comparison  with  polymyxin  B  is  difficult  owing  to 
the  use  of  different  model  systems.  Polymyxin  B  has  been 
reported  to  neutralize  LPS  when  premixed  in  a  115:1  ratio  by 
weight  in  a  chick  embryo  lethality  assay  (36),  in  a  300:1  ratio 


in  a  murine  lethality  assay  in  which  the  mice  were  sensitized 
by  adrenalectomy  (34),  a^  in  a  50:1  ratio  in  assays  using  the 
Shwartzman  reaction  and  neutropenia  in  rabbits  (8,  35)  and 
hypotension  in  dogs  (31).  We  used  100:1  and  200:1  ratios  of 
LALF  to  LPS  by  weight  in  rabbits  and  sheep,  respectively. 
Using  these  doses,  there  was  a  substantial  decrease  in  the 
effect  of  LPS  challenge  in  each  assay.  The  neutralization  in 
sheep  was  particularly  pronounced  in  that  LPS-induced 
pulmonary  artery  hypertension  was  almost  eliminated  and 
neutropenia  was  not  seen.  Our  results  are  in  agreement  with 
the  findings  of  Alpert  et  al.,  who  recently  reported  that  a 
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FIG.  6.  Pyrogenic  response,  leukocyte  count,  pulmonary  artery  pres,sure,  and  pulmonaiy  vascular  resistance  in  awake  sheep  after 
intravenous  injection  of  LPS  (20  ngkg  in  saline)  from  5.  marcescens  (n  ■  5)  (O)  or  after  preincubation  with  a  200-fold  eacess  of  LALF  (n 
<•  4)  (•).  Points  which  significantly  differ  at  F  <  0.05  and  P  <  O.OOt  are  indicated  with  a  star  and  double  star,  respectively. 
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120:1  ratio  of  LALF  to  LPS  by  weight  decreased  many  toxic 
effects  of  LPS  in  a  rabbit  model  of  meningococcal  lipooli- 
gosaccharide  challenge  (2).  Since  the  molecular  weight  of 
LALF  is  greater  than  that  of  polymyxin  B,  the  potency  of 
LALF  is  presumably  similar  to  or  greater  than  that  of 
po^yxin  B  in  neutralizing  LPS  in  animal  models  when 
estimated  on  a  molar  basis. 

In  our  precipitation  assays  using  ^H-LPS,  we  found  that  a 
concentration  of  250  to  700  p.g  of  LALF  per  ml  was  needed 
for  50%  binding  of  LPS  in  solutions  ranging  from  2.3  to  8.5 
|ig  of  LPS  per  mi.  This  corresponded  to  binding  ratios 
(LALF  to  LPS)  varying  from  52:1  to  226:1  for  the  six  LPSs 
tested.  Althou^  these  ratios  are  similar  to  what  we  found 
was  necessary  for  the  neutralization  of  LPS,  they  are  not 
strictly  comparable;  the  preparations  of  LPS,  the  methods  of 
LPS  standaniization,  and  experimental  conditions  that  we 
utilized  in  the  binding  assays  were  not  identical  to  those  in 
the  neutralization  assays. 

Prior  studies  have  repotted  that  LALF  is  more  efficient  at 
inhibiting  the  bacterial  growth  of  rough  gram-negative 
strains  than  of  smooth  strains  (22),  that  complete  LPS  but 
not  purified  O  polysaccharide  chains  inhibit  the  ability  of 
LALF  to  hemolyze  erythrocytes  sensitized  with  LPS  (29), 
and  that  LALF  inhibits  endothelial  cell  stimulation  by  rough 
and  smooth  LPS  from  several  different  gram-negative  strains 
(11).  These  studies  suggest  that  LALF  binds  to  the  core 
glycolipid  region  of  LPS.  Our  findings  that  LALF  binds  LPS 
from  rough  mutant  E.  coli  J5  in  addition  to  LPS  from  strains 
with  ccmpletr'  O  polysaccharide  side  chains,  and  that  heter¬ 
ologous  LPS  competes  for  the  binding  of  smooth  LPS,  are  in 
agreement  with  these  results. 

The  ability  of  LALF  to  neutralize  LPS  in  a  variety  of 
biological  assays  raises  the  possibility  that  LALF,  or  an 
analog,  might  be  therapeutically  effective  as  an  antiendotox¬ 
in.  Because  our  supply  of  LALF  was  limited,  all  of  our  in 
vivo  experiments  were  performed  by  preincubating  LPS 
vdth  LALF  before  injection.  Further  testing,  with  greater 
quantities  of  I.ALF  given  to  animals  before  and  after  LPS 
challenge,  will  be  required  to  learn  whether  LALF  is  pro¬ 
tective  in  these  conditions,  and  if  so,  to  measure  its  toxicity 
and  determine  a  therapeutic  ratio.  The  report  by  Alpert  and 
colleagues  th.it  LALF  improves  multiple  physiological  pa¬ 
rameters,  lowers  endotoxin  levels,  and  increases  survival  in 
a  rabbit  model  even  when  it  is  administered  to  the  rabbits  30 
min  after  meningococcal  lipooligosaccharide  challenge  is 
particularly  encouraging  (2).  Further  studies  are  also  needed 
to  assess  whether  LALF  can  bind  and  neutralize  the  physi¬ 
cochemical  forms  of  LPS  which  are  released  from  the 
bacterial  surface  into  the  bloodstream.  Since  LALF  was  able 
to  neutralize  many  different  activities  of  LPS  in  several 
animal  species,  such  experiments  seem  warranted. 
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ANTI-ENDOTOXIN  MONOCLONAL 
ANTIBODIES 

Several  monoclonal  antibodies  directed  against 
bacterial  lipopolysaccharide  (endotoxin)  are  being  de¬ 
veloped  for  the  adjunctive  treatment  of  gram-negative 
sepsis.  Two  of  these,  E5  (XOMA,  Berkeley,  Calif.)' 
and  HA-IA  (Centocor,  Malvern,  Pa.),’  have  been 
studied  in  clinical  trials  and  evaluated  by  the  Food 
and  Drug  Administration  for  use  in  the  United  States. 
An  open  advisory-committee  meeting  was  held  by  the 
FDA  on  September  4,  1991,  at  which  new  information 
was  presented  about  the  preclinical  and  clinical  stud¬ 
ies  of  these  two  products.’  This  article  discusses  some 
of  the  issues  relating  to  the  development  and  evalua¬ 
tion  of  these  agents  in  the  context  of  this  new  informa¬ 
tion.  We  focus  on  HA-IA  because  the  analysis  by  the 
FDA  of  recently  submitted  data  on  E3  was  not  com¬ 
plete  at  the  time  of  the  meeting.  On  the  basis  of  cur¬ 
rently  available  preclinical  and  clinical  data,  we  be¬ 
lieve  that  a  second  placebo-controlled  clinical  trial  of 
HA-IA  is  warranted  to  determine  whether  it  should  be 
widely  used. 

Preclinical  Studies 

Unfortunately,  there  are  few  published  data  on  E5 
and  HA-IA.  The  reports  leave  unanswered  many 
questions  concerning  the  epitopic  specificity,  bind¬ 
ing  characteristics,  and  biologic  effects  of  these  anti¬ 
bodies. 

E5  is  a  murine  IgM  monoclonal  antibody,  raised  in 
mice  immunized  with  Escherichia  coli  J5,  that  binds  to 
an  epitope  on  lipid  A.‘  It  has  been  reported  to  bind  to 
heterologous  smooth  lipopolysaccharide.'  *’  Two  re¬ 
ports  have  addressed  the  ability  of  E5  to  protect  ani¬ 
mals  against  endotoxin  or  bacterial  challenge.  In  one 
study,  E5  only  minimally  diminished  the  physiologic 
responses  to  lipopolysaccharide  in  sheep.’  In  another 
study,  E5  added  only  slightly  to  the  protection  pro¬ 


vided  by  antibiotics  in  mice  challenged  with  gram¬ 
negative  bacteria.’ 

HA-IA  is  a  human  IgM  monoclonal  antibody  that 
binds  to  lipid  A.*'®'®  It  was  derived  from  a  heterohybri- 
doma  created  from  the  spleen  cells  of  a  patient  who 
had  been  vaccinated  with  E.  colt  J5  before  splenecto¬ 
my.'®  The  IgM  produced  by  this  hybridoma  was  inv 
dally  described  as  binding  specifically  to  a  broad  spec¬ 
trum  of  smooth  lipopolysaccharides  and  .,::eria  in 
an  enzyme-linked  immunosorbent  assay  Subse¬ 
quent  reports  have  suggested  that  Hy’  ■!  A  oinds  poor¬ 
ly  to  smooth  lipopolysaccharide  in  .■inch  assays,®'"  but 
that  it  binds  to  some  types  of  smooth  lipxipolysaccha- 
ride  in  fluid  phase,  as  measured  by  rate  nephelome- 
try.®  This  technique,  however,  may  detect  low-affinity 
as  well  as  high-affinity  interactions  between  antibody 
and  andgen.  A  recent  rep)ort®  and  information  present¬ 
ed  at  the  FDA  meeting®  suggest  that  HA-IA  binds 
only  slighdy  to  smooth  bacteria  that  have  not  been 
exfmsed  to  antibiotics.  A  different  group  found  that 
IgM  purified  from  the  same  hybridoma  did  bind  to 
gram-negative  bacteria,  but  that  it  also  bound  to 
gram-positive  bacteria,  fungi,  cardiolipin,  and  lipo¬ 
proteins,  raising  doubt  about  its  specificity."  There  is 
very  little  information  on  the  ability  of  HA-IA  to  neu¬ 
tralize  lipopolysaccharide  in  functional  in  vitro  assays. 
Discussion  at  the  FDA  meeting  suggested  that  it  may 
decrease  the  lipopolysaccharide-induced  production 
of  tumor  necrosis  factor  in  cells  obtained  from  leuka- 
pheresis  packs,  but  not  in  whole  blood,'.’  a  more  physi¬ 
ologic  assay. 

Five  studies  have  been  published  on  the  ability  of 
the  IgM  produced  by  this  hybridoma  to  protect 
against  lipopolysaccharide  challenge  in  animal  mod¬ 
els.  The  initial  study  reported  that  the  hybridoma  cul¬ 
ture  medium  protected  mice  from  lethal  bacteremia 
and  rabbits  from  the  dermal  Shwartzman  reaction.'® 
A  subsequent  abstract  indicated  that  the  IgM  de¬ 
creased  mortality  among  neutropenic  rabbits  with 
pseudomonas  bacteremia.'®  However,  the  same  IgM 
provided  only  moderate  protection  from  lipopolysac¬ 
charide-induced  lung  injury  in  rats'*  and  did  not  pre¬ 
vent  lipopolysaccharide-induced  hypotension  in  rab¬ 
bits.”  Other  investigators  were  unable  to  reproduce 
the  protective  effect  against  the  dermal  Shwartzman 
reaction  or  to  detect  protection  in  sensitized  mice 
treated  with  an  IgM  prepared  from  the  same  hybri¬ 
doma.'*  The  ability  of  HA-IA  to  protect  animals 
from  endotoxin  challenge  was  also  discussed  in  the 
FDA  meeting.  It  was  noted  by  a  company  representa¬ 
tive"  that 

the  results  are  not  consistently  reproducible  over  time  and  from 
laboratory  to  laboratory.  This  lack  of  reproducibility  has  troubled 
workers  in  the  field  of  anti-endotoxin  antibodies  for  many  years  and 
it  leads  us  to  the  conclusion  that  these  models  would  not  be  reliable 
as  routine  potency  and  release  assays. 

Thus,  two  problems  involving  the  preclinical  stud¬ 
ies  of  HA-IA  have  become  apparent.  First,  the  data 
on  binding  that  were  presented  in  the  initial  descrip)- 
tion  of  the  antibody'®  and  endorsed  in  the  published 
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study^  are  substantially  diflerent  from  those  more  re¬ 
cently  described  by  the  company,^  by  participants  at 
the  FDA  open  meeting,’  and  by  other  investigators." 
Second,  there  is  no  experimental  model  in  which  HA- 
lA  has  consistently  protected  animals  from  endotoxic 
challenge."  These  difficulties  seriously  erode  the  stat¬ 
ed  rationale  for  the  clinical  study^  and  underscore  the 
fact  that  the  premise  on  which  this  approach  is  based 
remains  unproved  and  unclear."  '®  They  also  bring 
out  the  practical  problem  that  there  is  no  established 
method  to  ensure  quality  control  of  the  antibody, 
since  the  characteristics  of  HA-IA  that  are  related  to 
protection  are  unknown. 

CuNiCAL  Studies 

E5  has  been  tested  in  two  placebo-controlled  clini¬ 
cal  trials.  In  the  first  trial,'  486  patients  with  signs  of 
gram-negative  infection  and  a  systemic  septic  re¬ 
sponse  were  enrolled.  The  administration  of  E5  was 
associated  with  increased  survival  only  in  the  relative¬ 
ly  small  number  of  patients  with  gram-negative  sepsis 
who  were  not  in  refractory  shock  (137  patients).  In 
this  subgroup  of  patients,  43  percent  of  those  given 
placebo  and  30  percent  of  those  given  E5  died  within 
30  days  after  treatment  (P  =  0.01).  A  second  large 
trial  (847  patients)  was  then  conducted  to  test  the 
hypothesis  that  E5  benehts  patients  with  gram-nega¬ 
tive  sepsis  who  are  not  in  refractory  shock. '’  E5  did  not 
improve  survival  in  the  530  patients  with  documented 
gram-negative  sepsis.  A  trend  toward  improved  sur¬ 
vival  was  observed  in  a  subgroup  of  patients  with  ma¬ 
jor-organ  failure  without  refractory  shock  (139  pa¬ 
tients),  but  a  detailed  independent  analysis  of  these 
data  has  not  been  presented. 

HA-IA  has  been  studied  in  a  single,  randomi^ed, 
placebo-controlled  clinical  trial  of  patients  with  pre¬ 
sumed  gram-negative  sep,is  and  was  reported  to  pre¬ 
vent  mortality  in  a  subgroup  of  patients  who  had 
gram-negative  bacteremia,  whether  or  not  they  were 
in  shock.’  Although  this  investigation  was  carefully 
designed,  questions  have  arisen  concerning  the  dem¬ 
onstration  of  therapeutic  efficacy,  and  the  data  analy¬ 
sis  presented  at  the  FDA  meeting”  differed  from  that 
reported  by  Ziegler  et  al.’ 

Our  concern,  which  we  discuss  here,  is  that  a  signif¬ 
icant  result  was  found  in  only  one  of  many  over¬ 
lapping  subgroups;  that  the  statistical  result  was 
marginal;  that  a  protective  effect  was  seen  only  at 
clinical  centers  with  high  mortality  and  only  in  pa¬ 
tients  with  shock;  that  the  APACHE  1!  system  used  to 
stratify  patients  may  have  been  inappropriately  ap¬ 
plied;  that  patients  who  received  inadequate  or  un¬ 
known  antibiotic  treatment  were  included  in  the  anal¬ 
ysis;  and  that  the  data  were  not  stratihed  according  to 
the  time  elapsed  before  the  antibody  or  placebo  was 
infused. 

Patient  subgroups  in  the  HA-IA  trial  were  clearly 
defined  in  advance  of  analysis.™  Anticipated  covari¬ 
ates  were  specified  and  provisions  were  described  for 
making  certain  key  judgments  (such  as  whether  or  not 
a  patient  had  received  adequate  antimicrobial  thera¬ 


py,  or  whether  a  death  was  unrelated  to  sepsis)  before 
the  study  code  was  broken.  The  three  primary  sub¬ 
groups  used  in  the  analysis  of  efficacy  were  (in  order 
of  importance)  patients  with  gram-negative  sepsis, 
who  had  documented  infection  with  gram-negative  or¬ 
ganisms  (with  or  without  bacteremia)  but  not  infec¬ 
tion  with  other  microbes;  patients  with  gram-negative 
bacteremia,  who  had  posidve  blood  cultures  for  gram¬ 
negative  bacteria,  whether  or  not  they  had  positive 
cultures  for  other  microbes;  and  patients  with  gram¬ 
negative  infection,  who  consisted  of  ail  patients  with 
gram-negative  disease,  regardless  of  other  kinds  of 
ongoing  infection.  In  addition,  two  categories  of  mor¬ 
tality  (mortality  due  to  sepsis  and  mortality  due  to  all 
causes)  were  analyzed  for  two  times  after  infusion  (at 
14  days  and  over  a  28-day  period).  Mortality  due  to 
sepsis  was  identified  as  the  more  important  indicator 
of  efficacy.™  The  FDA  analysts  suggested  that  be¬ 
cause  multiple  comparisons  were  made  in  the  analysis 
(three  subgroups,  two  categories  of  mortality,  and  two 
observation  periods),  the  level  of  statistical  signifi¬ 
cance  should  be  adjusted:  for  a  statistically  significant 
difference,  it  was  recommended  that  the  necessary 
P  value  should  be  below  a  level  that  was  somewhere 
between  0.01  and  0.03.” 

According  to  these  guidelines,  HA-IA  was  found  to 
be  associated  with  a  beneficial  outcome  in  only  one  of 
the  three  subgroups  in  the  efficacy  analysis  (patients 
who  had  gram-negative  bacteremia)  and  in  relation  to 
only  one  of  the  end  points  (mortality  from  all  causes 
over  the  28-day  periJxl)®  (Table  1).  During  the  last 
two  weeks  of  the  trial,  four  deaths  that  were  not  due  to 
sepsis  occurred  in  the  placebo  group;  excluding  these 
deaths  from  the  analysis  raised  the  P  value  from  0.014 
(the  P  value  for  mortality  due  to  all  causes)  to  0.039 
(the  P  value  for  mortality  due  to  sepsis),  which  was 
not  within  the  estimated  range  of  values  that  would 
show  a  statistically  significant  result.’'  The  drug  was 
not  effective  in  the  subgroup  with  gram-negative  sep¬ 
sis.  Furthermore,  among  the  201  patients  with  non- 
bacteremic  gram-negative  infections,  mortality  was 
somewhat  higher  in  the  HA-IA  group  than  in  the  pla¬ 
cebo  group  at  both  14  and  28  days.™ 

Data  were  also  presented  at  the  FDA  meeting  re¬ 
garding  the  effect  of  HA-IA  in  subgroups  of  patients 
with  gram-negative  bacteremia,  according  to  the  pres¬ 
ence  or  absence  of  shock”  (Table  2).  The  published 
report,  in  which  analysis  was  based  on  a  Cox  propor¬ 
tional-hazards  model,  stated  that  “HA-IA  reduced 
mortality  in  both  patients  with  shock  and  patients 
without  shock.”’  In  contrast,  the  FDA,  analyzing  the 
same  data  according  to  different  statistical  methods, 
came  to  the  following  conclusion:  “in  the  no-shock 
group  there  was  not  a  significant  difference  in  mortali¬ 
ty.  ..  .  If  you  look  over  tine,  those  curves  cross.  At 
some  time  periods  it  is  higher  in  the  treatment  group 
and,  in  others,  in  the  placebo.  There  does  not  appear 
to  be  a  significant  difference.””  .Although  the  study 
was  not  primarily  designed  to  examine  this  issue,  these 
data  .suggest  that  the  benefit  of  HA-IA  among  pa¬ 
tients  with  gram-negative  bacteremia  may  be  limited 
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to  patients  with  gram-negative  bac¬ 
teremia  who  are  in  shock. 

Patients  who  receive  inadequate 
antimicrobial  chemotherapy  pre¬ 
sent  a  special  problem  in  trials  of 
anti-endotoxin  antibodies.  Anti¬ 
endotoxin  monoclonal  antibodies 
are  usually  thought  to  be  adjunc¬ 
tive  therapy;  they  should  probably 
not  be  expected  to  benefit  patients 
who  receive  inadequate  antimi¬ 
crobial  chemotherapy.  This  point 
would  seem  to  apply  particularly  to 
HA-IA,  since  the  available  data 


Table  1.  Mortality  OtM  to  Sepsis  and  All  Causes  in  the  HA-IA  Trial,  According  to 
Patient  Subgroup.* 
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suggest  that  HA-IA  binds  only 
slighdy  to  bacteria  that  have  smooth  lipopolysaccha- 
ride  (i.e.,  most  blood  isolates),  unless  the  bacteria 
have  been  treated  with  antibiotics.*'^  In  the  placebo 
group  of  the  HA-IA  trial,  inappropriate  antimicrobial 
therapy  was  strongly  associated  with  death  in  pa¬ 
tients  with  gram-negative  bacteremia  (mortality  of 
69  percent  with  inappropriate  therapy  and  27  percent 
with  appropriate  therapy).^'*  Patients  who  received  in¬ 
adequate  antimicrobial  chemotherapy  were  not  ex¬ 
cluded  from  the  analysis  of  the  HA-IA  trial;  instead, 
patients  with  inadequate  or  unknown  antimicrobial 
therapy  were  included  in  the  multivariate  analysis 
(16  patients  in  the  placebo  group  [17  percent]  and 
10  in  the  HA-IA  group  [10  percent]).**  When  only 
patients  who  received  adequate  antimicrobial  ther¬ 
apy  were  considered  in  the  analysis  of  mortality 
after  14  days,  there  was  no  signihcant  difference  be¬ 
tween  the  two  groups  of  patients  with  gram-negative 
bacteremia  (21  deaths  among  79  patients  in  the 
placebo  group  and  20  deaths  among  95  patients  in  the 
HA-IA  group  [data  from  slides  presented  at  the  FDA 
meeting  (Siegel  JP)]**).  Data  were  not  presented  at 
the  FDA  meeting  concerning  deaths  at  the  28-day  end 
point. 

The  HA-IA  clinical  trial  took  place  at  22  study 
sites.  Analysis  of  the  consistency  of  the  drug  effect  at 
the  sites  where  at  least  one  patient  with  gram-negative 
bacteremia  was  included  in  each  study  group  and  at 
least  one  patient  died  indicated  that  many  more  study 
sites  found  lower  mortality  in  the  HA-IA  group  than 
found  it  in  the  placebo  group  ( 1 1  sites  vs.  1  site).” 
This  apparent  consistency  among  study  sites  may  be 
important  evidence  that  the  effect  of  HA-IA  is  genu¬ 
ine.  However,  concern  was  raised  at  the  FDA  meeting 
about  another  feature  of  the  distribution  of  patients 
among  the  study  sites.  As  a  panelist”  pointed  out. 


The  published  clinical  studies  on  E3  and  HA-IA'-^ 
both  used  the  APACHE  II  scoring  system”  to  stratify 
patients  according  to  physiologic  status  and  underly¬ 
ing  disease  severity  at  the  time  of  entry.  Neither  inves¬ 
tigation  fully  considered  the  nonlinear  relation  be¬ 
tween  APACHE  II  score  and  the  risk  of  hospital 
death.”’”  Instead  of  using  the  raw  APACHE  II  score 
in  multivariate  analysis,  it  would  have  been  more  in¬ 
formative  to  calculate  and  enter  the  risk  of  death  dur¬ 
ing  hospitalization  in  each  patient.  For  example,  the 
APACHE  II  equation  that  relates  a  raw  score  to  the 
risk  of  in-hospital  death  gives  great  weight  to  emer¬ 
gency  surgery  as  an  independent  risk  factor;  depend¬ 
ing  on  the  raw  APACHE  II  score,  emergency  surgery 
can  add  as  much  as  14  percent  to  the  risk  of  in-hospi¬ 
tal  death.  Using  individual  risks  rather  than  the  raw 
APACHE  II  scores  in  the  multivariate  analysis  might 
have  controlled  more  accurately  for  an  imbalance  in 
the  distribution  of  major  underlying  disorders  in  the 
HA-IA  trial  —  which,  in  this  instance,  favored  the 
HA-IA  group.'*  The  placebo  group  contained  more 
patients  with  disseminated  intravascular  coagulation 
(21  percent  vs.  18  percent),  adult  respiratory  distress 
syndrome  (13  percent  vs.  9  percent),  acute  hepatic 
failure  (26  percent  vs.  19  percent),  acute  renal  failure 
(46  percent  vs.  35  percent),  and  recent  surgery  (34 
percent  vs.  29  percent).* 

The  published  report  describing  the  HA-IA  trial 
indicate  that  “The  median  [emphasis  added]  intervals 
between  the  diagnosis  of  sepsis  and  infusion  of  the 
study  drug  were  9.3  hours  in  the  placebo  group  and 
14.3  hours  in  the  HA-IA  group.”*  It  was  stated  in  the 
FDA  meeting  that  the  mean  interval  before  infusion  in 

Table  2.  Mortality  due  to  Sepsis  in  Patients  with  Gram-Negative 
Bacteremia,  According  to  the  Presence  or  Absence  of  Shock.* 


Six  of  the  22  sices  had  more  than  SO-percent  mortaiity  tn  (he  placebo 
group  and  16  of  them  had  less  than  that.  ...  All  of  the  enect  is  in 
the  high-mortality  sites  within  the  gram*negative  bacteremia  group, 
so  that  there  is  a  64-percent  mortality  in  the  placebo  group  and  22 
percent  in  the  HA-IA,  whereas,  actually,  there  is  a  slight  advantage 
to  placebo  in  the  low-mortality  sites. 

The  ensuing  discussion  did  not  explain  why  HA-IA 
might  have  its  effect  principally  in  patients  at  centers 
that  had  high  case  fatality  rates  for  gram-negative  bac¬ 
teremia. 


Moutautt 

OVM 

MorTAurr  at  Oat  14  28  Oats 

HACeao  RA-IA  PVALUI  PVALUt 

fmhmideo^aUpa/iem<%f 

Allpsbentt  32/95(34)  25/105(24)  0.12  0.039 

Patients  with  shock  23/4«  (4«)  13/54(24)  0.012  0.023 

Patients  without  shock  9/47  (19)  12/51  (24)  0.60  — 

*Ada0ed  hem  sKdes  piwcniwl  m  the  FDA  meednf  (Ste|el  JP).^ 
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both  groups  was  approximately  20  hours,”  indicating 
that  many  of  the  parents  received  HA- 1 A  or  placebo 
a  very  long  time  after  the  onset  of  sepsis.  Unfortunate¬ 
ly,  there  are  no  available  data  that  reveal  the  eflicacy 
of  the  drug  according  to  the  interval  between  the  onset 
of  sepsis  or  shock  and  the  infusion.  This  information 
is  of  obvious  importance  to  clinicians.  The  possible 
role  of  dilTerences  in  the  time  of  administration  of 
HA-1  A  or  placebo  in  determining  the  outcome  of  the 
trial  is  also  impossible  to  evaluate  without  further 
data.  Nevertheless,  the  time  of  drug  administration 
may  be  a  very  important  determinant  of  clinical  out¬ 
come.  According  to  the  FDA  analyst,  “on  the  treat¬ 
ment  day  and  the  day  immediately  thereafter,  is  where 
the  largest  evidence  of  effect  and  most  of  the  difference 
between  the  treatment  groups  occurred.””  During 
this  period,  13  percent  of  the  patienu  given  placebo 
died,  as  compared  with  5  percent  of  those  given  HA- 
lA.”  Much  more  information  is  needed  about  this 
aspect  of  the  HA-IA  trial. 

Conclusion 

Although  there  are  few  data  available  on  preclinical 
studies  of  E5,  the  available  data  from  the  two  clinical 
trials  suggest  that  E5  does  not  reproducibly  prevent 
mortality  in  patients  with  gram-negative  sepsis,  even 
in  those  who  are  not  in  refractory  shock.  A  more  com¬ 
plete  picture  may  emerge  when  the  results  of  the  sec¬ 
ond  ^  study  are  fully  analyzed. 

In  our  opinion,  the  evidence  that  HA-IA  reduces 
mortality  among  patients  with  gram-negative  bac¬ 
teremia  is  suggestive  but  not  conclusive.  A  signifi¬ 
cant  result  was  found  in  only  one  of  many  possible 
subgroup-end-point  categories,  and  HA-IA  was  not 
shown  to  prevent  death  due  to  the  condition  that  it 
was  intended  to  treat  —  gram-negative  sepsis.  Post 
hoc  analysis  of  prospective  studies  should  always  be 
interpreted  cautiously.  Nevertheless,  the  flaws  in  the 
scientific  foundation  used  to  Justify  a  clinical  trial  of 
HA-IA,  the  uncertainties  about  the  analysis  of  that 
trial,  and  the  marginal  statistical  significance  of  the 
result  (“borderline,”  according  to  a  statistical  consult¬ 
ant  to  the  FDA^')  persuade  us  that  the  null  hypothesis 
has  not  been  convincingly  rejected  in  the  HA-IA 
study.  An  accurate  determination  of  efficacy  seems 
especially  important  for  HA-IA:  even  if  the  drug 
is  used  according  to  the  criteria  for  study  entry,  it 
will  potentially  benefit  a  very  small  fraction  of  the 
patients  who  receive  it,  and  its  cost  is  substantial  (cur¬ 
rently  over  $3,500  per  dose  in  Europe).  The  use  of 
such  an  expensive  therapy  in  an  appropriate  and  cost- 
effective  manner  requires  conclusive  knowledge  of  its 
efficacy. 

The  inconsistent  outcomes  of  the  two  E5  trials,'  ” 
as  well  as  previous  experience  in  the  evaluation  of 
corticosteroid  therapy  for  sepsis,^^  ”  support  the  view 
that  it  is  difficult  to  test  a  therapeutic  agent  in  this 
complex  fxjpulation  and  obtain  the  same  result  twice. 
It  should  be  noted  that  the  HA-IA  trial  is  not  a  confir¬ 


mation  of  the  earlier  trial  of  polyclonal  antiserum 
to  E.  HA-IA  is  a  new  agent,  and  the  pro¬ 

tective  factor  in  the  polyclonal  antiserum  remains 
unknown  and  controversial.  Accordingly,  we  believe 
that  the  use  of  HA-IA  should  remain  experimental 
until  a  second  randomized,  placebo-controlled  trial 
has  confirmed  its  efficacy.  This  trial  would  test  the 
treatment  hypothesis  generated  by  the  first  trial  — 
that  HA-IA  increases  survival  when  given  early  to 
patients  with  presumed  gram-negative  bacteremia 
who  are  in  septic  shock. 
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